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Abstract
A DNA source tracking study of Cryprosporidium spp. was performed in
conjunction with the Philadelphia Water Department to assess contamination in the
Wissahickon Watershed. A combined immunomagnetic separation, DNA extraction, and
polymerase chain reaction (PCR) assay was used to detect Oypro5poridium present in
water samples filtered from two locations within the watershed, samples collected from
wastewater treatment plant effluent, and from fecal samples collected in the watershed.
The sequenced results of samples found to contain Crypro5poridium after PCR targeting
the 18S rRNA portion of the Cryptosporidiwl1 genome were analyzed using the basic
local alignment search tool (BLAST) algoritlun and phylogenetic analysis. Sequences
were aligned using MacClade4 based on RNA secondary structure alignments created
using them10dynamic calculations and the method of covariation of compensatory
substitutions. Phylogenetic trees were created using Paup 4.0b 10 to view relationships
between environmental isolates and previously established species available in GenBank.
Out of 49 water samples collected bi-weekly between May of 2005 and July of
2006, 10 tested positive for CrJPtosporidium. Contaminated water samples showed a
seasonal trend. with 9 of the 10 samples collected between August of2005 and February
of 2006. BLAST and phylogenetic analysis also showed there to be three main groups of
species present in these samples. including C. hominis (highly infectious for humans).
various animal-adapted C. parmm species (usually only infectious for
immunocompromised patients). and variants of C. hailcyi and reptilian genotypes (not
proven infectious for humans). 4 out of 125 fecal samples collected tested positive. One
deer was found to be carrying a variant of C. hailcyi and three young sheep were found to
be carrying a similar species of oocyst. None of the 5 \\'astewater treatment plant
(Abington WWTP) effluent samples tested positivc.
The results of this study suggest that there are human sources of C. hominis in
the watershed (WWTPs. septic systcms. etc.) that should be controlled to protect public
health. as well as \\'ildlife sources of less infectious spccies of Cr:\jJtosporidiulII that arc
be more difticult and less important to control. Fanlls did not appear to be a significant
source of contamination.
Introduction
Cryptosporidium is a protozoan parasite of the phylum Apicomplexa, which is a
grouping of non-flagellated protozoans that use enzymes to invade host epithelial cells.
Cryptosporidiosis, caused by a Cryptosporidium infection, is an emerging waterborne
disease that causes severe diarrhea and dehydration that can last for several weeks in
otherwise healthy patients [2]. Various species of Cryptosporidillm are capable of
infecting either the small intestine, respiratory tract, or stomach of their host [20]. Until
recently there was no effective treatment for cryptosporidiosis, and infections are usually
left to run their course and subside, being self-limited. Currently, more effective
medicines such as Nitazoxanide [28] are being developed which can shorten the duration
of the infection. In immunocompromised patients, such as those infected with HIV.
infections may be severe enough to cause death.
Cryptosporidillm has a complex life cycle (Figure I). An infection can be
initiated in a host with the ingestion of as few as 10 oocysts [2]. Once ingested. specific
chemical signals received by the oocyst due to conditions within the digestive tract cause
it to excyst. releasing sporozoites which attach to a host epithelial cell [7]. Sporozoites
then develop into trophozoites and type I meronts. which have the ability to reproduce
asexually (the meront is able to produce multiple merozoites which can then attach to
new locations on other epithelial cells and produce more meronts). It is this part of the
cycle that allows a small number of oocysts to produce a large and problematic full
blo\\ll infection. i\lerozoites may also produce type 11 meronts. which produce
l11erozoites that develop into microgamonts and l11acrogal11onts that can interact sexually
to produce more oocysts that may either (i) re-infect host epithelial cells (autoinfectious
cycle) or (ii) exit the host through the large intestine and enter the environment where
they can be ingested by another host.
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Figure 1. Cryptosporidium Life Cycle
CDC 2006
(http:./www.dpd.cdc.goviDPDx/HTMLilmJge_LibrJry.htm)
In the environment. oocysts are very persistent because of the strength of their
protective wall. They can survive in many different conditions. and last for months in the
environmcnt. or evcn in the bowcls of a host [10] and still retain thcir ability to infcct.
This characteristic of the organism prescnts particular problems for municipal water
supplies. bccause oocysts ha\'c the ability to survi\'c many of thc typical trcatments used
for drinking watcr. Trcatmcnt with standard chlorinc at the dosagcs typically used by
trcatmcnt plants (5 mg/L) is not etTcctivc at all [7], Somc disinfectants such as
hypochloritc and chlorinc dioxidc are ctTcctivc if used at a high enough concentration and
for a long enough contact time. Table 1 displays the inactivation caused by treatment
with various halogen disinfectants.
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Table 1. Disinfectant Effects on Cryptosporidium [71
Bcsidcs chcmical disinfcction. mcchanical disinfcction mcthods such as hcating at
121°C for 10 min. frcczing at -70°C for 1 hr. or drying complctc1y for 4 hr also
complctc1y rcducc infcctivity. Ultraviolct trcatmcnt at 120 mWIscc/cm2 was found to
rcducc infcctivity by 99% [7]. Filtration is anothcr possiblc mcthod for controlling
oocyst contamination. Howcvcr. oocysts havc an avcragc diamctcr of about 5
micromctcrs [20]. which is small cnough to pass through sand filtcrs which may bc uscd
in trcatmcnt facilitics in undcrdcvclopcd arcas or in oldcr watcr trcatmcnt plants.
Cryptosporidiosis is an cmcrging disease that has only entered the public cyc
recently. C':\l'!osporidiu/II was not recognized as a pathogen until 1%7 [2Q]. Large
outbreaks, all of them involving contamination of public water systems (drinking water
or recreational water usage) have brought about an increased concern for this organism.
The most infamous outbreak occurred in 1993 in Milwaukee, Wisconsin in which
403,000 individuals fell sick and 69 immunocompromised patients died. A Milwaukee
water treatment plant was found to be contaminated and ineffective in removing oocysts
from source waters. A recent study by the CDC estimated the total cost of this outbreak
near $96 million dollars [4], highlighting the need to properly assess the potential risk
this organism poses to the public. In 2005, 1800 people fell ill in Seneca Lake water
park. New York. The water park had a recirculating water system with chlorination that
was not effective in controlling Oyptosporidill11l [9]. Other notable outbreaks include
13,000 infected in Carrollton. GA in 1987, 15.000 infected in Jackson County, Oregon in
1992, and 500 infected in Swindon, UK in 1989 [7].
Humans typically become infected with OJ1Jtosporidilll1l due to ingestion of
water or food contaminated \vith feces containing oocysts. For municipalities drawing
public water from surface water sources. the contamination of these sources through
direct fecal deposition by infected humans. animals. or runoff entering the surface water
is a major concen1. Wastewater treatment plant effluent. runoff from fanns. and runoff
from forests may all contain fecal matter contaminated with c,:lptosporidiulII.
Several different species of C,J1JtosporidiulII are knO\\11 to exist. most of which
are specifically adapted to a particular host. Currently. the widely recognized species and
their hosts are C. hOlllillis (humans only). C. ,)OTTum (humans and other mammals). C.
11luris (mice and other ruminants). C. fClis (cats). C. HTairi (guinea pigs). C. mclcagridis
and C. hailcyi (birds). C. al1dcrsol1i (cattle) and C. scrpcl1tis (reptiles) [20]. Howe\-cr.
many recent studies have shown that some species of Crypto.';poridium are capable of
infecting a range of hosts, sometimes producing symptoms and sometimes not [26]. For
example, Perz et al. [26] characterized a genotype very similar to C. parvum that was
found to infect deer, muskrats, mice, and chipmunks. These discoveries have made the
designation of new species very controversial. In some cases, Cryptosporidium species
can be differentiated by morphologic differences such as their oocyst shape or size.
However, some species cannot be differentiated by microscopy, and therefore some form
of molecular identification is required. One popular form of identification is the
restriction fragment length polymorphism assay (RFLP) of various genes coding for
0J'lJtosporidium oocyst wall proteins (COWP). or for the thrombospondin-related
adhesion protein (TRAP-C). These methods use the polymerase chain reaction (PCR) to
amplify these specific areas of the genome and apply restriction enzymes designed to cut
the DNA at specific recognition sites. Samples can be differentiated by viewing the
restriction products using electrophoresis [1]. The second popular fonn of identification
is direct sequencing of specific areas of the genome. most notably the 18S rONA portion.
This area has been found to be extremely variable between different species of
c,)ptosporidiIl11l [15]. Many recent studies have also ShO\\11 that besides the established
species of Cr)ptosporidiIl11l. there is a high level of \'ariation among oocysts isolated
from the environment [30]. The establishment of new species is a controversial subject.
because it is difticult to create standards as to how much \'ariation in defining
characteristics constitute new species. Other studies [341 have even ShO\\11 there to be
low levels of heterogeneity in sequences from the same established species. DitTerences
in morphological features are the most commonly used traits to ditTcrentiate species [201.
but the lack thereof between different species of Cryprosporidium requires additional
biological data, such as the host range and infection site, as well as molecular data to
make an argument for a new species.
Following the large outbreaks experienced in the United States in the past twenty
years, many municipalities have begun to evaluate their public water supply sources for
risks of contamination. Of particular interest to these public utilities are the extent
(concentration) of contamination and the species of oocysts being detected. Molecular
identification techniques can yield clues as to where contamination may have originated.
This infornlation can be valuable because not all species of Cryptosporidillm are
infectious for humans. Oocyst contamination may be present within a given watershed,
but if it consists only of species that have not been known to infect humans, such as C.
serpel1tis for example, it may not be nearly as large a concern as if the species detected
were C. par\'1l1l1. In order to protect the public from waterborne cryptosporidiosis. public
water utilities may choose to conduct molecular studies on their watersheds in order to
evaluate whether or not it is ncccssary to upgradc thcir trcatmcnt proccsscs. for cxample
adding UV disinfcction. switching disinfcctant chcmicals, or adjusting contact timcs.
The prcsent study was perfonlled in conjunction with the Philadelphia Water
Department (PWD) in order to cvaluate the status of the Wissahickon Crcck Watershed
\\'ith rcspect to the prcscncc of Crytopsporidilll11 oocysts. and help detenllinc what thc
best stratcgics may be for protccting public health in the futurc. The Wissahickon Crcck
is on thc P:\ 303(d) list of impaircd watcrs. duc to prcviously dctccted high pathogcn
concentrations. low dissolvcd oxygen. elcvatcd nutricnt levcls. ctc. Prcvious studics by
the PWD also fClund C':'l'tosl'0ridiul11 in the Wissahickon Creek at concentrations of up
to 20 oocysts / 100 L of water. The influence of this creek on the Queen Lane water
treatment intake, located on the Schuykill River just downstream of it the confluence with
the Wissahickon, is very strong. These factors combined to motivate the PWD to
conduct this study.
Materials and Methods
Sample Collection
c,yptosjJoridium oocysts were isolated from surface water collected at two
locations within the Wissahickon watershed on the first and last week of each month
from May of 2005 through July of 2006. Samples were collected using the Envirochek
HV capsule (PALL Corp., East Hills, NY) and a standard field pump. Water was filtered
through the capsule until either 10 liters were passed or until the filter clogged due to
sediment loading. The filter was eluted and the solids pellet concentrated according to
the manufacturer's recommended elution protocol on the day following sample
collection. in most cases. On occasion. water samples were collected during significant
rain events in order to obtain data on days when surface runoff from lands adjacent to the
creek would be high. which coincides with high oocyst fluxes according to many workers
[31]. Figure 2 displays a schematic of the Wissahickon watershed. showing locations of
the two regular sampling locations (140 and 410). Abington WWTP. 4 other WWTPs in
the watershed. and the Queen Lane intake. Figure 3 displays to\\11ship boundaries of the
area.
In addition to surface water sample collection, wastewater effluent samples were
collected monthly from February 2006 through July 2006 from the Abington wastewater
treatment plant. These samples were also collected in Envirochek HV filter capsules.
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Map
Additional data for this source tracking study includes fecal samples that wcre
collected \\'ithin the watershed as well as in areas ofrelativc geographic proximity in
order to detenninc how pre\'alent fccal contamination \\'as locally and to sce if
O:ll,/osporidiulII dctected in water samplcs bore any rcscmblance to contaminatcd feccs
on a molecular lcvel. Only fresh fecal samples \\WC collectcd. based on apparent
moisturc content and general appcarance. and werc stored in 15 ml centrifuge tubes and
rcfrigerated in a cooler until thcy \\'cre proccsscd within 24 hours. Appcndix 1 displays a
log of sample collcction date. col1cction time. datc processcd. collection location. \'olume
Q
filtered (for water samples), stream turbidity (for water samples), volume or mass of
solids processed, and peR result (positive or negative).
Immunomagnetic Separation (IMS) ofOocysts
Oocysts were purified from water and fecal samples using immunomagnetic
separation (IMS) with the Aureon Cr)pto Kit (Aureon Biosystems Inc., Austria)
according to the recommendations of the manufacturer. Before the addition of the
magnetic beads used in the procedure, water sample pellets \vere typically adjusted to I
ml of solids if the pellet exceeded this amount. This was done by centrifuging the eluted
pellet received from the PWD at 11,000 rpm for 15 min, and resuspending the pellet in
purified water (Millipore Water Systems, Billerica, MA) at a concentration of 1 ml of
solids per 5 ml of water. removing 5 ml of the slurry, and proceeding with the protocol.
In some cases pellets of up to 1.8 ml were processed within 1 sample. Fecal samples
were processed by weighing out 1.5 grams of fecal material, and mechanically breaking it
up briefly with a spatula. The fecal material was then placed in a 50 ml centrifuge tube
and 40 ml of purified water was added. This mixture was then vortexcd vigorously for at
least 1 min. until a slurry was fonned. The slurry was allowed to settle for no longer than
30 s. to allow heavy solids and grasses to either sink or float to the top of the tube. A
glass pipette was then used to remove 20 ml of the slurry from the middle of the
centrifuge tube. This 20 ml of slurry was placed into a second clean 50 ml tube. and
centrifuged at 1100 rpm for 15 min. This procedure typically produced a pellet of \"ery
close to 1 ml of solids. which \\"as then resuspended in 5 ml of purified \\"ater and used in
the I~ IS protoco\'
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After dissociation from the magnetic beads, oocysts were transferred to a new
microcentrifuge tube and treated with 10 III of 0.5M NaOH to neutralize the pH. The
oocysts were centrifuged for 4 min at 13,000 x g, resuspended in 50 III of purified water,
and stored at 4°C until further processing. Positive and negative IMS controls were
processed with each set of field samples. The positive control consisted of 500 III of 104 /
ml oocyst stock added to 4.5 ml of purified \vater, and the negative control was 5 ml of
purified water.
Genomic DNA Extraction
Oocysts were lysed by adding all 50 III of IMS product to 450 III of Tris-EDTA
(TE) buffer containing 0.2 g of proteinase K liter"1 and 0.4% sodium dodecyl sulfate and
incubating overnight at 45°C. Positive and ncgative DNA extraction controls wcre
included for each set of field samples. Positivc DNA extraction controls consisted of 50
III of 104 / ml oocyst stock. and negativc controls used 50 III of purificd water. DNA was
cxtracted twice with phenol-chlorofonn and once in chloroform, precipitated with 5M
NaCI and 1 volume of absolute ethanoL and rcsuspended in 30 III of TE buffer and stored
at 4 "C.
Nested peR Assay
PCR amplification was perfonned in a 50 III volumc containing 10 mM Tris-HCL
50 mi\1 KCL 0.1 % Triton X-I 00.2 mM MgCI 2• 0.15 mM concentrations of each
deoxynuclcoside triphosphate (Perkin-Elmer. Welleslcy. i\1A). 0.2 ~lM concentrations of
each primer. and 2 L1 of Taq DNA polymerase (Promcga Corp.. i\1adison. Wis.). The
initial ampl ification reaction \\-as perfonlled with 30 pi of DN:\ template. and 1 pi of the
initial amplification product was used as a template for the secondary PCR. Positive and
11
negative PCR controls were included with each set of samples. For the initial
amplification reaction, positive PCR controls contained 29 III of laboratory-grade water
and 1 III of genomic C. parvum DNA (at a concentration equivalent to 104 oocysts Ilrl);
negative PCR controls contained 30 III of laboratory-grade water. For the secondary
amplification reaction, positive PCR controls contained 1 III of genomic C. parvum DNA
(at a concentration equivalent to 104 oocysts Ilr1); negative PCR controls contained 1 III
of laboratory-grade water.
Both amplification reactions used forward and reverse oligonucleotide primers
that are complementary to Cryprosporidium 18S rRNA gene sequences. The initial 1,056-
bp product was obtained with a forward primer, KLJ 1
(5"-CCACATCTAAGGAAGGCAGC-3"), corresponding to nucleotides 389 to 408, and
a reverse primer, KLJ2 (5"-ATGGATGCATCAGTGTAGCG-3 "), corresponding to
nucleotides 1422 to 1441 of C. palTll11l (Accesion No. L16996 in GenBank). The final
434-bp product was obtained by using forward and reverse primers CPB-DIAGF
(5"- AAGCTCGTAGTTGGATTTCTG-3") and CPB-DIAGR
(5"- TAAGGTGCTGAAGGAGTAAGG-3 "), respectively. Cycling conditions consisted
of an initial denaturation (5 min at 80°C, followed by 30 s at 98°C). 40 cycles of
amplification (denaturation for 30 s at 94°C, annealing for 30 s at 53°C. and extension
for I min at 72 DC). and a final extension (10 min at 72 DC). Secondary PCR products
were yisualized after electrophoresis on a 1.2~'O agarose gel stained with ethidium
bromide.
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Cloning
Secondary PCR products from water or fecal samples positive for
Cryplosporidium were cloned into the pGEM-T Easy Vector System (Promega) and used
to transform z-cornpetent DH5a E. coli cells (Zymo Research, Orange, CA). Clones were
initially selected on Luria-Bertani (LB) and IPTG-SGAL nutrient agar supplemented with
100 flg of ampicillin mr l and cultured overnight. Verification of successful plasmid
transformation was confirmed by colonies which grew with a white color. Clones with a
successful plasmid transformation where then selected and grown on LB agar plates
supplemented with 100 flg of ampicillin mr l and again cultured overnight. Colonies
from these plates were then selected and grown in LB broth supplemented with 100 flg of
ampicillin mr l and allowed to grow for 24 hours. Plasmid DNA was isolated from clones
removed from the broth cultures using the QIAPrep Spin Miniprep Kit (Qiagen, Inc.,
Valencia, Cali f.) and digested with Noll (Fisher Scientific, Hampton, NH) to veri fy the
presence of the secondary PCR amplicon insert. Plasmids with the insert were further
digested with NdeI to identify heterogeneity within the selected clones. All digestion
products were visualized after electrophoresis on a 1.2% agarose gel stained with
ethidium bromide.
Sequencing
The selected clones from each positive sample were shipped to the University of
Pennsyh'ania DNA sequencing facility in Philadelphia. PA for sequencing. This facility
uses an ABI 3730 DNA sequencer (Applied Biosystems) running BigD~"C Taq FS
Tenninator V 3.1. Ifmultiple XdcI digestion patterns existed among clones from a given
sample. at least 1 clone of each digestion pattern was sequenced. At least 3 clones for
13
each positive sample were sequenced and confirmed by sequencing both strands. The
basic local alignment search tool (BLAST) algorithm was used to compare cloned DNA
sequences with GenBank sequences and to investigate the species of Cryptosporidium
present in the sample.
Phylogenetic Analysis
Sequences were aligned manually using MacClade 4 based on the secondary
structure of their RNA molecules created using two different methods. The first of these
methods used RNAFold, a publicly available server that generates structure predictions
based on minimum free energy, the partition function, and the base pairing probability
matrix [12]. Free energy calculations performed by this server are based on the method
of Zucker and Steigler [36]. Sequences were aligned exactly according to RNAFold
output, with no extra gaps inserted. The second method was based on the analysis of
covariation of compensatory substitutions (CCS). This technique assumes that although
the sequence of RNA molecules may change through evolution. the secondary and
tertiary structures are largely maintained [8]. Therefore. when predicting secondary
structures of specific regions of the sequence. an effort was made to maintain physical
similarities in the structures. such as maintaining intemal bulges from structure to
structure. The basic idea for how to build the secondary structures came from Rl\JAFold
predicitions. such as the intemal bulge of an "AU and a "U' 9 basepairs from the 5' end
of the molecule in C. par\'ll1l1. Gaps \\'ere inserted in sequences that were lacking
features that were present in others. The attempt was made to create secondary structures
that produced an alignment that allo\\'cd portions of each sequence that werc similar to
portions of other sequcnces to line up in parallcl. It was assumcd that idcntical or nearly
14
identical portions of multiple sequences are in fact homologous due to minimum
evolution. This procedure was manual because the true secondary structure of the I8S
rRNA portion of the Crypto~poridium genome has not been definitively solved at this
point. Variable length regions at the tips of two helices within the secondary structure
were masked out of the alignment due to the difficulty resulting from attempting to
properly align them. Both neighbor joining (NJ) and parsimony trees were creating using
Paup 4.0b 10. The NJ trees were constructed based on the evolutionary distance between
the different isolates using the Kimura two-parameter method, with C. fe/is designated as
an outgroup. Statistical support for the resulting trees was testing using 1,000
pseudoreplicates of the bootstrap test, with only values above 50% considered significant.
Results
Assay Sensitivity Testing
The sensitivity of the IMS, DNA extraction, and peR assay as a method for
detecting oocysts from source waters and fecal samples was tested by seeding IMS
samples with a knO\\11 quantity of oocysts. The combination of these procedures was
found to detect a single oocyst (Figure 4) from purified water. This particular test did not
recover a positive signal from the sample seeded with 10 oocysts. which displays the
possibility of obtaining a negative signal due to human error in the procedure. A second
run of this sensitivity test was perfonned subsequently. and in this case the lower limit of
detection was 10 oocysts (Figure 5).
Other samples containing fecal material were spiked by adding a knO\\11 quantity
of oocysts to 1.5 grams of previously tested and C,:llJtosporidiulIl-negative fecal material
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and 40 ml of purified water before vortexing occurred as specified in the methods section
above. The entire procedure was able to detect as few as 25 oocyts from fecal material
(Figure 6).
Figure .t. Detection Limit of IMS, DNA Extraction, and PCR Assays for
Oocysts from Clean \Vater
Lanes (left to right): 1000 base pair ladder, nested PCR +, nested PCR-, intial PCR "'-.
initial PCR -. DNA extraction +, DNA extraction -, IMS -, 1 oocyst. 10 ooc)'sts. 100 ooc)'sts.
10000oc)'sts. 100 base pair ladder.
Figure 5. 2"d Detection Limit of Il\IS, DNA Extraction. and PCR Assays for
Oocysts from Clean \Vater
Lane~ in tl~P row (len to right): 100 base pair ladder. nested PCR ~. nested PCR-.intial PCR ~.
initial PCR -. O;-";A extraction ~. DNA extraction -. l~lS ~. l~lS -. and: other lanes not related
tothi~ experiment. Lane~ in bottom row (len to right): 100 base pair lJdder. 6 samples not
related to this experiment. 100 Ol~C)'~tS.:'O Ol~Cy~tS. 10 ooc~1~. I oocyst. 1000 base pair ladder.
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Figure 6. Detection Limit of IMS, DNA Extraction, and PCR Assays for
Oocysts from Samples Containing Fecal Material
Lanes in top row (left to right): 100 base pair ladder. nested PCR +. nested PCR-. intial PCR-<-.
initial PCR -. DNA extraction +. DNA extraction -. IMS +. IMS -. 1000 base pair ladder, Lanes in
bottom row (left to right): 100 base pair marker. 4 lanes unrelated to this experiment. 100 oocysts.
75 oocysts. 50 oocysts. 25 oocysts,
DetectiOIl (?(Crypto,\jJoriclilll/l
During the period of this study. 49 \\'ater samples. 5 waste water treatment
effluent samples. and 125 fecal samples were collected and analyzed for the presence of
(·,:rptosporiclillll1. 10 \\'ater samples and 4 fecal samples tested positive for the
protozoan. None of the \\'astewater treatment effluent samples were positive. 5 positive
samples were collected from the 410 location and 5 \\'ere collected from the 140 location.
Of the fecal samples. I deer sample was found in October of 2005 at Nockamixon State
Park. Bucks County. Pt\.. Also. three young sheep \\'ere found to be infected at the
Erdenheim Stables of the Wissahickon watershed in Whitemarsh To\\'nship in May of
2006. In addition to testing \\'ater samples using a PCR assay. Clancy bwironmental
Consultants of Saint Albans. VT lIsed an immunotlouresence assay (lFA) in order to
\'isually confinn oocysts in the water samples and testcd thcir ability to infect lIsing an
I";
infectivity assay. The preliminary results of this study are discussed but not published
within this work.
Discussion
Overview
Appendices 2 and 3 display the DNA sequences (5' end to 3' end) aligned using
CCS method of secondary structure predictions, and the RNAFold secondary structure
predictions respectively, obtained for the I8S rRNA portion of the Oyprosporidium
genome from each positive sample clone. The species or potential host source of each
cloned sequence was initially investigated by finding the closest match queried through
the NCBl (National Center for Biotechnology Infom1ation) DNA BLAST. The following
table summarizes the results. There are more than one match for some samples because
cloning showed that multiple species of oocysts were present in the samples.
IS
Sample Date Sample Location / Sample NCBI Blast Closest Match
Label Source Results
August 3'd 2005 410/410(5) Water C. pan'lIm (skunk) & C. hominis
Sample
September 6th 410/410(7) Water C. hominis
2005 Sample
October 3,a 140/ 140(9) Water Unnamed Snake Species (I)
2005 Sample
October 1611l Nockamixon State Deer Fecal Unnamed Canada Goose Species
2005 Park Sample & C. hominis
Bucks County PA /
NMD3
October 24th 140/ 140( 11) Water C. hominis & Unnamed Snake
2005 Sample Species (I) & Unnamed Canada
Goose Species
October 24th 4 I0 / 41 O( I I) Water C. hominis & C. pan'11m
2005 Sample (cervine)
Dec 6th, 2005 140/140(14) Water C. hominis & C. pan'lIm (skunk)
Sample
Jan 3'd, 2006 410 / 410(15) Water C. hominis & Novel C. parvlIm
Sample Species
Feb 6'h, 2006 140/ 140(17) Water C. par\'lllll (skunk) & C. pan'lIlll
Sample (cervine) & Novel C. pan'lIm
Species
Feb 6th , 2006 410/410(17) Water C. panllm (skunk) & Novel C.
Sample .pan'um Species
May 10lh, 2006 Erdenheim Farms Sheep Fecal Novel Species (similar to goose
Whitemarsh, PA Sample isolates}
May lOth, 2006 Erdenheim Farms Sheep Fecal Novel Species (similar to goose
Whitemarsh, PA Sample isolates)
May lOth, 2006 Erdenheim Farms Sheep Fecal Novel Species (similar to goose
Whitemarsh, PA Sample isolates)
June 5th, 2006 140/14026) Water Unnamed Snake Species (2)
Sample
Tablc 2. Summary of Cryptosporidium Detcctcd in Watcr and Fccal Samplcs
7 of the 10 water samples that tested positive for Cr:\Pl0Spo,.idilll/l were found to
contain more than once species of oocyst. Because cloning was utilized to clearly
differentiate between various species of oocysts present in the nested PCR product. the
relative ratio of one type of DNA to another in a sample was not detennined. Direct
sequencing was not used because of inconsistent sequencing results due to secondary
structures in the PCR product and because of the diHiculty involved in differentiating two
1°
strong signals in a chromatogram. For the purposes of this study, we were more
interested in the sources of oocysts being detected in the samples, and in no way
attempted to quantify concentrations in our samples. Even if a single oocyst were to be
quantified within a sample, this would indicate the potential for more extensive
contamination from its source to be present in the future, and therefore the source should
be recognized as a potential danger.
Appendices 4 and 5 display secondary structure predictions of a select region
Helix 2
:--. 3' End
Figure 7. Secondary Structure of
Sequenced Portion of the ISS rRNA
Molecule Produced using RNAFold
(Helix 1) of all of the sequences
obtained in this study as well as the
main well known species of
Cryptosporidium using both
RNAFold and CCS techniques. In
many cases the geometric structure
of an RNA molecule is more
functionally important than the
actual sequence itself [6], due to
steric interactions between rRNA
and other proteins, tRNA, and
mRNA molecules that are highly dependent on three-dimensional geometry. The entire
secondary structure of the 18S rRNA region sequence.dcreat~d using RNAFold is '
presented in Figure 7.
Studies- done on the accuracy of secondary structure predictions based on free
energy calculations in relation to structures produced by the comparative method hav_e
., ~
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shown that programs like RNAFold are only about 30-40% accurate for Eukaryotic
sequences [6,8,17]. The comparative method is a knowledge based approach that is
considered the most accurate way of predicting secondary structures, and its results have
been highly supported by crystallographic results [6]. However, these studies also note
that programs like RNAFold are much more accurate when predicting the structure of
base pairs that are close together in the sequence and that form closed hairpin loops, or
helices. Two areas within our sequence, labeled "Helix 1" and "Helix 2" in Figure 7
contain the majority of the variability in the sequence between different species of
CrJPtosporidiulll. RNAFold predicted that these two regions form helices, and another
study [14] that attempted to match the already determined secondary structure of a
closely related organism, Plasmodium vivax. to that of C. par\'U11l found a high sequence
correlation in these areas which also fonn helices in the secondary structure of
Plasmodium. Because these regions are "closed hairpin loops", predictions of their
structure produced by RNAFold are considered to have meaningful results because its
accuracy can be high for these types of queries. The remainder of the sequence is highly
conserved. For each sequence cloned. the secondary structure of Helix 1 was predicted.
Previous work [14] has shown that the structure of Helix 2. although containing
variability in the sequence. contains little variability in structure. This result was also
confinned by RNAFold analysis. which produced the samc structure for every sequence
obtaincd in this study.
Neighbor-Joining and parsimony trees created using Paup 4.0b I0 arc shown in
Appendices 6-9. Environmental sample labels on these trees can be matched to their
collection datcs in Table 2. Each environmental sample labcl is also accompanied with
21
the clone numbers that produced the sequence. 12 clones were produced for each
positive peR sample, but not all of the clones were sequenced. For example, sample
label 140(14)#8,11,12 means that 3 clones of the 12 created from DNA originating from
sample 140(14) produced that sequence. If all of the clones analyzed for a sample
produced the same sequence, no clone numbers accompany the sample label. GenBank
sequences are accompanied with accession numbers. These phylogenetic trees are useful
for inferring evolutionary distances between various sequences obtained. C. felis was
designated as an outgroup. Trees were also constructed without an outgroup to root the
tree, but appeared exactly the same regardless. The parsimony and NJ trees created using
the RNAFold alignment are nearly identical. Small variations are apparent, but are due to
the inherent difference in how the two methods build a tree and are not supported by
strong bootstrap values. The results of the trees are also supported by other phylogenetic
studies which show that the species which cause an infection of the small intestine form
the clade containing all species of C. par\,ul1I. as well as C. l1Ieleagridis. C. wrari. and C.
felis. The species which cause a respiratory infection. such as C. baileyi. form their own
sub-clade. Finally. the species that infect the stomach. such as C. serpelltis. C. l1Iuris. and
C. alldersoni also f0011 separate clades [21.26.30]. The en\'ironmental samples 140(26).
140(9). and 140( I I)#8 that matched samples isolated from snakes grouped out by
themsel\'cs in thc broad clade containing C. alldcrsoni. C. 111uris. C. scrpemis. and C.
hailed.
The parsimony and NJ trccs created using the CCS alignmcnt produced similar
results with somc small contlicts compared to the RNAFold aligned trccs. The CCS
aligncd NJ trcc placcd sample 140( 11)ti 1J.6.1 0 and thc Canada goosc isolatc outside of a
clade containing C. baileyi. Also, there was no bootstrap support that placed C. baileyi
clearly in a group with NMD3#1,2,3,12, a deer isolate, and the three samples isolated
from young sheep. This grouping was more strongly supported in both RNAFold
alignments. The CCS aligned parsimony tree similarly lacked support for the clade
containing C. baileyi and the environmental samples present in the RNAFold aligned
trees. Additionally, it placed sample 140(26) and a Boa Ortoni isolate in a clade with C.
parvul1l (dog) as opposed to placing it in its own completely separate clade as the other
three trees had. However, its grouping with C. parvUI1l (dog) was not supported by
bootstrap values and was relatively distant.
One might favor the results of the phylogenetic trees created using the RNAFold
alignment to some extent because it would be expected that samples 140(11)# 1,3,6, 1O.
which matched a Canadian goose isolate, would be closely related to C. baileyi. which is
a wel1 known parasite of birds. Howevcr. thc alignment produccd using thc CCS
techniquc docs a bcttcr job of lining up portions of Helix 1 that arc thc samc between
diffcrcnt scqucnccs. It is vcry difficult to cvaluatc which alignment techniques and thc
trccs crcatcd by thosc alignmcnts are marc valid. and thcrcforc thc rcsults of both should
bc cqual1y considcrcd.
C hominis
Oocysts with very similar sequcnces wcre dctected from clones originating from
surfacc watcr samples 410(5)# I. 410(7). 140( II )#4. 41 O( II )#5. 140( 14)#8.11.12. and
410(15)#3. Thcsc samples fell into a large clade containing C hominis and C parnilll
(bovine) in al1 4 phylogenetic trees. Both C l'arnilll (bovine) and C homil/is have
extremely similar sequences in the 1SS rRNA portion of their genome that wc sequenced.
According to research perfonned by Morgan et. al. [22], the C. parvUI1l (bovine) species
displays a clear recognition sequence of "TATATTT" starting in the masked out region
of Helix 2. This was confinned when we sequenced the oocysts we use for controls,
which were obtained from Waterborne Inc. (New Orleans, LA) and were passed through
cows. C. parvul1l (bovine) is infective to both animals and humans, and is commonly
transmitted to the watershed in runoff from farms, or from direct contact between fann
workers and farm animals. C. parVlllll (bovine) has been known to infect other farm
animals such as sheep, goats, and horses [19]. C. hOlllinis displays a "poly-T repeat"
sequence at the beginning of the masked out region of Helix 2. Of oocysts isolated from
10 humans and 9 animals in another study [22], it was found that 8 of 9 animal sequences
displayed the "TATATTT" recognition sequence, and the outlying sequence was found to
be a species of OJ'lJ1osporidilllll other than C. parVlllll. Of the human isolates. 7 of 10
displayed the poly-T repeat sequence, and 3 displayed the "TATATTT" sequence [22].
This evidence reinforces other research that shows that C. parml1l (bovine) can infect
both humans and animals. and that C. hominis only infects humans r1]. Although C.
parml1l (bovine) and C. hominis are not the only species reported to infect both
immunocompetent and immunocompromised patients. they are the only species found to
be involved in large scale outbreaks r19]. No study to date has shO\\l1 that C. homillis has
the ability to establish infection in any species other than humans. Based on this
supporting cvidcnce. wc havc obscrved that samples 410(7). 140( 11 )#4.410(11 )#5.
140( 14)#8.1 1.12. and 41 O( 15)H3 contained the poly-T repcat identificr. although not all
of thcm had the same length poly-T rcpeat as the sequcnce for C. hominis obtaincd from
GenBank. Howcvcr. a study focusing on small scqucncc hctcrogcncitics bctwcen oocysts
of the same species made this same observation [36]. This sequence was also found in
the deer fecal sample from Nockamixon State Park (NMD3 #10), which was probably
only mechanically transmitting this species of Cryptosporidillm. Sample 410(5)# I had a
sequence with "TATTTT" in that position, which leaves some questions as to whether it
is C. hominis or C. parvwn (bovine), although the closest GenBank match was C.
hominis.
The secondary structure of the RNA was used to support these conclusions.
Alignments of the secondary structure of the helices are shown in Appendices 4 and 5.
All of the samples assumed to be C. hOlllinis produced secondary structures that matched
that of the GenBank entry for C. hominis using both alignment techniques. Parsimony
and NJ trees created using both alignment methods show that all of the aforementioned
environmental samples fall into a broad grouping with C. parvllm (bovine), C. hominis.
and C. par\'/lm (kangaroo) and (ferret). In closer detail, it appears that samples 410(7)
and 410(15) #3 fall into a smaller clade with C. par\'llm (bovine) that is not supported by
a strong bootstrap value. This erroneous grouping is caused by the fact that a portion of
the genome in Helix 2 has been masked out that more strongly connects these samples to
C 17ominis. thus highlighting less significant differences in other parts of the sequence.
To resolve this issuc. a neighbor joining tree was created including only C. hominis and
C par\'1l1l1 (bovine) as well as all of the environmcntal sequences assumed to be C
170lllinis based on thc poly-T repeat identifier. :\ distance matrix was produced to
detennine the absolute distances between each sample. This result is sho\\'n below in
Table 3. For all of the ell\'ironmental samples. the distance to C. Iwminis \\'as always less
than the distance to C. parnll/I {bovine). Based on this result we suspect that all of them
are C. hominis. As expected, the lab control which is shed from cows, was most closely
related to C. parvllm (bovine). The distances in the table are in base pair changes per site.
0.00794
0.00000 0.00791
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Table 3: Distance Matrix Containing C. parVlIl1l (bovine), C. IlOl1lillis,
and Select Environmental Samples
The C. hominis oocysts detected could be entering the watershed through
wastewatcr effluent discharge. This suspicion was supported by an IFA study conducted
by Clancy Labs. who received watcr and wastewater effluent samples concurrently from
the PWD. They show dctection of 0J1J(Osporidilim in 3 out of the 4 samples tcsted from
Abington WWTP. Our PCR assay showed no detection of Cr)jJrosporidilllll for any of
the WWTP effluent samples tested. This may have been due to complications that the
immunomagnetic beads experienced binding to oocysts because of the chemical makeup
of the effluent. possibly caused by the prcsencc of coagulants or othcr additivcs. Also.
although our DNA cxtraction and peR tcchniques arc ablc to dctcct as fcw as onc oocyst
from clcan watcr samples. this level of dctection may not bc achicvablc cvcry timc from
samples with thc high lcvcls of turbidity sccn in WWTP cffluent samples. At this timc
wc cannot confinll that the oocysts detcctcd in the wastcwater cftlucnt by Clancy arc C.
hominis. but plan to havc futurc oocysts isolatcd from this sourcc by Clancy scnt to our
labs for genotyping. The frequency with which C. hominis is being detected is a concern,
especially because it is known to be highly infective to humans.
C. parvum Genot)pes ji-om Wildlife
A second source of c,yptosporidium oocysts in the watershed appears to be
wildlife related. Water samples 140(14)#6, 140( 17)#4, and 410(17)#3 were found to
contain a species of Crypto5poridiul1l that exactly matched a sequence reportedly isolated
from a skunk l30], listed in the GenBank database as accession number AY120903.
Sample 410(5)#4,5 had a sequence that was very similar to the skunk sequence, with a
few differences in single nucleotides in the more conserved portion of the sequence. This
genotype was also identified from a storm water study conducted in upstate New York
[16]. Very similar genotypes were isolated from an infected kangaroo, mouse, and ferret
(accession numbers AF112570, AF11257L and AF112572 respectively). Clearly the
skunk genotype is closely related to a number of very similar spcies that have the ability
to infect a wide range of mammalian hosts. Water samples 41 O( 11)# 1,3,10, 140(17)#5,7,
and 41 O( 15)# 1A were found to contain oocysts with a sequence identically matched to
one listed in GenBank that had been isolated from a deer. with accession number
AY030088 [23]. Lastly, water samples 140(17)#3,8,10,410(17)#4,5,6, and 410(15)#5,9
produced a unique sequence, of which no very highly correlated match was found.
All four of the phylogenetic trees that were created show that these three
genotypes (skunk, deer. and unique) group in a broad clade with C. par\'lllll (bovine), C
hom inis. C parvUlII (pig), C. parnml (dog). C. lIIc!eagridis. and C. \lTairi. Also, these
three genotypes clearly group separately \\'ithin this clade from the C. IWlIIinis C.
l'arnml (bovine) grouping, with strong bootstrap support. The RNAFold aligned NJ and
Parsimony trees place C. parvum (pig) into a small clade with samples 410(11)# 1,3,10,
140( 17)#5,7, and 41 O( 15)# 1,4, and the deer (cervine) genotype. The CCS aligned trees
do not show this bootstrap support although C. parvum (pig) is still the closest match for
these samples. In all four trees, C. wrairi and C. meleagridis are also more closely
related to these three groups of genotypes than C. hominis or C. parvllm (bovine). These
three groups of genotypes isolated from the environment appear to be animal-adapted
genotypes of C. parvum, with clear differences in sequence that separate them from
species known to be highly infective for humans.
All of the samples assumed to be animal-adapted forms of C. parvum produced a
secondary structure created by RNAFold matching that of the C. parvlIm (pig) and (dog),
C. meleagridis. and C. wrairi genotypes, and distinct from C. parvulll (bovine) and C.
hOl/linis. The CCS alignment shows the secondary structure of all of these sequences to
be the same. however. The CCS secondary structures did differ somewhat within the
region of the alignment that was masked out of the phylogenetic analysis due to its
hypervariability between species. For example. samples 140( 17)#3.8.1 O. 41 O( 17)#4.5.6.
and 41 O( 15)#5.9 produced a helix that was slightly longer than the other C. par\'llm
variants.
Based on the precise matches of seven of the reco\'ered animal-adapted C.
pmTWII sequences to the skunk and cervine isolates from GenBank. these oocysts are
most likely being shed from common mammalian wildlife within the wooded parts of the
watershed. These animal-adapted fonns of C. par\'ll/ll should be considered of moderate
concem to the PWD due to a handful of studies perfonlled recently which report human
infection due to closely related genotypes. Xiao et. al. report the infection of an HI\'
positive patient with a relatively high CD4+ T cell count with the C. parvum (pig)
genotype [32]. Ong. et. al also reported the infection of 3 immunocompetent people in
British Columbia in 2002 with the very same deer genotype that was used to match
samples 410(11)#1,3,10,140(17)#5,7, and 410(15)#1,4 [23]. Many other studies report
human infection with species such as C. felis, C. meleagridis, and C. parvum (dog)
[24,25,3,11,27]. Therefore, the danger of these animal-adapted C. parvum genotypes
should not be completely overlooked, although they should not be considered nearly as
dangerous to human health as the C. hominis oocysts.
C. baileyi Variallls alld Reptilian Oyptosporidi/lm Genotypes
DNA isolated from samples 140(9) and 140( II )#8 was found to match exactly to
a sequence isolated from a New Guinea Boa snake. accession number AY120913 [30]
and also from a Japanese grass snake [18]. Sample 140( I 1)#1.3 ,6, I0 was found to
contain a sequence that almost exactly matched that isolated from a Canada goose.
accession number AY504514 [35]. The sequence isolated from the deer stool sample
found in Nockamixon State Park (NMD3 #1,2.3.12) was found to have a sequence
identical to another also isolated from a deer. accession number AY12091 0 [30]. A novel
genotype of Cr)1Jtosporidi/lm was isolated from three very young sheep at Erdenheim
Stables that produced no strong GenBank match.
Secondary structure alignments created by RNAFold showed similarity between
the oocysts isolated from the deer in Nockamixon State park. the sheep from Erdenheim
Stables. 140( II) #1.3.6.1 O. and C. haileyi. The structures for samples isolated from
140(26). 140( II) #8 and 140(9) were quite different from those similar to C. hailcyi.
which supports the evidence produced hy the BLAST search that these sequences may be
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of reptilian origin, and therefore significantly different than the C. baileyi variants. CCS
method secondary structure predictions, however, show that 140(9), 140( 11) #8, and
140(26) produce structures more similar to the C. baileyi variants. In fact, 140(9),
140(11 )#8, 140(11) #1,3,6,10, and C. baileyi produce exactly the same structure. The
sheep isolates, NMD3 #1,2,3,12, and 140(26) produce matching structures that are just
slightly different, having a smaller internal bulge using the CCS technique.
Both the parsimony and NJ trees created using the RNAFold alignment placed
oocysts isolated from samples SH3, SH5, SH6, NDM3 #1,2,3,12, and 140(11) #1,3,6,10
into a clade with C. bailcyi. The CCS aligned parsimony tree placed 140(11) #1,3,6.1 0
into a clade with C. bailcyi as well, however the NJ tree did not. The distance matrix
from this NJ tree (See Appendices 10 and 11 for distance matrices from both alignment
methods) shows that in fact. C. bailcyi is the closest match of this environmental sample,
with a distance of only .02431 substitutions per site, confinning that it probably belongs
in the clade it was placed in by the other three phylogenetic trees. To date. only one
study has ever suggested a human infection with C. bailcyi. and this was in an AIDS
patient [5]. However. this study only identified these oocysts morphologically. and
perfornled no genotyping analysis which \caves questions as to whether this infection was
actually due to C. hailcyi.
The feces from the infected sheep and deer were both non-symptomatic.
suggesting that they may have been only mechanically carrying the oocysts after
ingesting contaminated food or water. The manager of Erdenheim stables did not
mention any sickness in the newly hom sheep. The deer isolate used to match the
Nockamixon deer isolate (N~103 H1.2.3.12) may also have been a result of ingested
feces. Canadian geese are probably the largest reservoir for this clade of
Cryplosporidium species, spreading it throughout the watershed because of their high
mobility and tendency to drop a large amount of feces in open fields, lakes, and stream
areas. Geese are spotted in large numbers specifically within the Wissahickon watershed
during most of the year.
None of the phylogenetic trees place samples 140(26) or 140(9) and 140(11) #8
into a clear clade with any of the established species. A study done on Cryplosporidium
in reptiles by Xiao et al. [33] showed that most lizards and snakes were infected by C.
serpeIII is, with a few infected with novel species that did not fall into broad clades
containing C. serpelllis or C. saurophilum, another prevalent reptilian species. The
phylogenetic grouping of species found in this study parallel these findings.
Additionally, no infectivity studies to date have shown a species of Oyplosporidium to
be capable of infecting both a reptile and a mammal. Because the environmental samples
isolated (140(26), 140(9). and 140( II )#8) did exactly match those isolated from snakes,
and only from snakes. they may not be infectious for humans. However. we cannot be
entirely sure if the serpent isolates were real infections of this host or if they were present
in the stomach due to the consumption of another animal that may ha\'e been infected.
The C. haileyi nriants and reptilian O:\]Jlosporidiulll species mentioned here
probably pose little to no threat to human health due to a lack of e\'idence for their
infecti\'ity for humans. They are clearly being shed from common animals in the
watershed. such as Canadian geese and possibly water snakes or grass snakes.
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Conclusions
Watershed Discussion
Clearly, a majority of the watershed is comprised of developed industrial and
residential lands, due to the fact that the watershed lies on the outskirts of Philadelphia
which has experienced substantial urban sprawl. Also, the upper reaches of the
watershed are comprised more heavily of forested and agricultural lands. Sampling
location 410 is positioned just downstream of the majority of these areas. and experiences
runoff that is more heavily influenced by forests and farms. Sampling location 140 is
positioned at the outlet of the entire watershed into the Schuylkill River. Fairmount Park
buffers the lower portion of the creek from the heavier development close by. which
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location 410 is positioned just downstream of the majority of these areas, and experiences
runoff that is more heavily inlluenced by forests and farms. Sampling location 140 is
positioned at the outlet of the entire watershed into the Schuylkill River. Fairmount Park
buffers the lower portion of the creek from the heavier development close by, which
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Figure 8. Wissahickon Watershed LandUsage Map.
provides additional significant wildlife influence for sampling location' 140: Figure 8
displays the land usage within the watershed.
Water samples contaminated with Crypto!lporidill!11 were found between August
2005 and February 2006, with the exception of one sample in June 2006. Figure 9
displays a bar graph showing the number of water samples detected containing oocysts of
the three broad genotype groupings previously mentioned, per month. These seasonally
varying results are similar to those obtained for the Wachusett Reservoir Watershed by
Jellison et. al.. who found a spike in oocyst detections between late Fall and early Spring
[13]. This result may be due to higher levels of microbial activity during months with
warmer water temperatures. which causes higher losses of Crypto.\poridilllll from grazing
or predation by other microbes. Additionally. oocysts are known to survive best in cold
temperatures. near 4 0c. Also. runoff from rain events in the cold months may be higher
because less vegetation is present. introducing higher levels of oocysts from surrounding
areas.
.AnimalAdapted C parvun
Gerotw es
DC baileyiVanants/Reptle
Gerotwes
12 Month (1 =Jan • 12=Oec)
1 # of Samples Taken I Mo.
9 10 11
4 6 4
8
4
7
2
6
5
4 5
6 5
3
4
2
44
2 _+_-....------------~1-----;
Cryptosporidium Detection
o
6 "T-------------------------,
5+--__-----~--------~:____i
4-t---III---,-------------------j
..
•
.0
E
:J
Z
..
•Q.J:
~c3-+--....--------------,n------lVI 0
.. ~
•..
...
;:
..
•Q,
"'0
•..
u
•..
•o
-o
Figure 9. Seasonal Variation in Cryptosporidiul1l Detection in Water Samples
Sampling location 140 experienced 5 of 5 samples contaminated with
(":\ptosporidilllll Clriginating from wildlife and 2 of 5 samples contaminated frclm
anthropogenic sources. Sampling location 410 experienced 4 of 5 samples contaminated
with Crypto5poridium originating from wildlife and 4 of 5 samples contaminated from
anthropogenic sources. These results indicate that location 410 may be experiencing a
higher anthropogenic influence because of its closer proximity to wastewater treatment
plants such as the Abington WWTP. Fairmount Park may be playing an important role as
a buffer for protecting the lower reaches of the creek, and some of the C. hominis oocysts
may be getting captured or deposited in the upper reaches of the watershed before
reaching the 410 sampling location.
Of particular interest from the genotyping results is the fact that no water samples
contained oocysts with the C. par\'um (bovine) sequence. This is the genotype typically
associated with contamination stemming from farm animals. which is a danger for human
consumption. This data suggests that runoff from farms in the upper reaches of the
watershed such as Erdenheim Stables. Courtesy Stables, and the Saul Agricultural School
may not be important sources at this time. Other than the three young sheep at
Erdenheim Fann. no other fecal samples tested positive from fanns. The collection of
additional data is necdcd to support this conclusion. howcvcr at this timc no clcar
cvidcncc has becn found that would suggest a farm as thc sourcc of any species of oocyst
wc have detcctcd.
Watershed Management Recommendations
Thc possiblc prcscnce of C. hominis oocysts in thc watcrshcd should be thc
primary conccrn ofthc PWD at this timc. Thcy are a clcar dangcr to public hcalth via thc
public drinking water system. \\"hich has an intake at thc Queen Lane watcr treatmcnt
plant ncar the contluence of the Wissahickon Crcek and the Schuylkill Rivcr. The PWD
has the option of attempting to control this contamination either at the source or at the
drinking water treatment plant. Previous estimates by the PWD have put the cost of
alternative disinfection method upgrades shown to be effective in treating
Cryptosporidium, such as ozone or UV light disinfection, at $40 and $110 million
respectively, not including additional increases in operating costs.
For potential sources such as wastewater treatment plants, it may be more cost
effective to alter the disinfection setup here to something more efficient at killing
Cryptosporidium, like chlorine dioxide, than to make changes in the drinking water plant.
Although Abington WWTP utilizes UV disinfection, this may not be the case for the
other four treatment plants in the watershed. The methods of disinfection for all plants in
the watershed should be reviewed and re-evaluated. Other potential sources of C
hominis oocysts include poorly constructed septic tanks. and illegal connections of
wastewater from homes into storm water conveyance systems. These sources should be
systematically located and removed.
The oocyts being shed from wildlife within the watershed would be very difficult
to control at the source. and their very low infectivity for humans probably does not
require any action to be taken by the PWD in their regard.
Rccommcndations/or Future Work
In the future. additional data such as water temperature. pH. and conducti\'ity in
conjunction \\'ith water sampling would add \'alue to C,:lptosporidiulIl detcction results.
Thcse data would re\'eal if othcr common water quality indicators arc a prccursor for
c,:lptosporidiulIl contamination in this watershcd. and if altcrnati\'c strategics that alter
thcse parameters could ha\'e an effect on Cr.\ptosporidiwlI. Also. morc rainy wcather
samples should be collected, since only 8 of these samples were collected during the
study period. An unexpected result of the study was that none of the rainy weather
samples tested positive for CryptoJporidium. We believe that this may be due to very
low sample volumes collected on those days due to high turbidity in the stream and rapid
clogging of the collection filters. It is suggested that a pre-filter for the Envirochek HV
capsule be designed that is capable of removing suspended sediment before its entry into
the capsule, without removing oocysts, to increase sample volumes. Times of high runoff
are important with respect to Oyptosporidium contamination, and such an
implementation would probably add valuable data to the study.
Additionally, the overall sampling strategy should be modified with respect to the
findings thus far. Since wastewater treatment plants seem to be an important source,
sampling there should be expanded to possibly twice monthly instead of once, and
samples from the four other WWTPs should be arranged to be sampled. Additionally.
taking samples from stormwater outfalls into the watershed could yield additional
infom1ation on potential oocyst sources. Also. so far it appears that wildlife is a larger
contributor to contamination of the watershed than fann animals. Although testing of
fann animal fecal samples should not be abandoned. wildlife fecal sampling should be
expanded. targeting geese. deer. and other common woodland animals.
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I Am>endix 1: Sample Collection LO~Note,Que,tionma"'indl~tem;ssingdata
.......... ................. .... ........ -...................... ........."", ......................~ . ....- _..............._..... -_....- ---_...._.. ---_.._-. ------ _._ ..
Wiss 140 1st Half 23-Mav 26-Mav 10:30AM Water Drv Dav Samole Wissahickon Watershed
Wiss 410 1st Half 23-Mav 26-Mav 12:30 PM Water Dry Dav Sample Wissahickon Watershed
Wiss 140 2nd Half 23-Mav 26-May 10:30AM Water Drv Dav Samole Wissahickon Watershed
Wiss 410 2nd Half 23-Mav 26-Mav 12:30 PM Water Dry Dav Sample Wissahickon Watershed
Wiss 140 21st Half June 6th June 8th 11:AM Water Drv Dav Samole Wissahickon Watershed
Wiss410 21st Half June 6th June 8th 1:00PM Water Dry Day Sample Wissahickon Watershed
Wiss 140 2 2nd Half June 6th June 8th 11:AM Water Drv Dav Samole Wissahickon Watershed
Wiss 410 2 2nd Half June 6th June 8th 1:00 PM Water Dry Day Sample Wissahickon Watershed
Sayre 1 June 7th June 8th 30m Deer Fecal Samole Wooded Area at Lehigh Universi v
Sayre 2 June 7th June 8th 3pm Deer Fecal Sample Wooded Area at Lehigh Universi y
Sayre 3 June 7th June 8th 30m Deer Fecal Samole Wooded Area at Lehigh Universi v
Sayre 4 June 7th June 8th 3pm Deer Fecal Samole Wooded Area at Lehigh Universi y
MT1 June 15th June 16th 20m Deer Fecal Samole Wooded Area at Lehigh Universi y
MT2 June 15th June 16th 20m Deer Fecal Samole Wooded Area at Lehigh Universi
MT3 June 15th June 16th 20m Deer Fecal Sample Wooded Area at Lehigh Universi y
MT4 June 15th June 16th 20m Deer Fecal Samole Wooded Area at Lehigh Universi
78-1 June 15th June 16th 11:00AM Deer Fecal Sample Wooded Swamov Area at Lehigh University
78-2 June 15th June 16th 11:00AM Deer Fecal Samole Wooded Swamov Area at Lehiah University
78-3 June 15th June 16th 11:00AM Deer Fecal Sample Wooded Swampy Area at Lehigh University
78-4 June 15th June 16th 11:00AM Deer Fecal Samole Wooded Swampy Area at Lehiah University
Detection Limit Clean - June 21st - 1000,100,10,1 Limits -
Detection Limit Soiked Pellets
-
June 24th
-
1000,100,10,1 Limits
-
Wiss410 3 June 27th June 29th 12:00 PM Water Drv Dav Samole Wissahickon Watershed
Soiked DL Test #2 - July 6th - 100,75,50,10 Limits -
PK 1 Julv 9th Juiv 11th 50m Deer Fecal Samole Wooded Ski Area in Catskill State Park, NY
PK2 Julv 9th Julv11th 5pm Deer Fecal Sample Wooded Ski Area in Catskill State Park, NY
PK3 Julv 9th Julv 11th 50m Deer Fecal Samole Wooded Ski Area in Catskill State Park, NY
PK4 Julv 9th Julv 11th 50m Deer Fecal Samole Wooded Ski Area in Catskill State Park, NY
PK 5 Julv 9th Julv 11th 50m Deer Fecal Sample Wooded Ski Area in Catskill State Park, NY
PK6 Julv 9th Julv 11th 50m Deer Fecal Samole Wooded Ski Area in Catskill State Park, NY
Wiss 140(4) Julv 8th July 12th 3pm? Water Wet Weather Sample Wissahickon Watershed
Wiss410 4 Julv 8th Julv 12th 30m? Water Wet Weather Samole Wissahickon Watershed
SH1 July 20th Julv 20th 10:30AM Sheeo Fecal Sample Erdenheim Stables Wissahickon Watershed
GS3 Julv 20th Julv 20th 12:45 PM Goose Fecal Samole Fairmount Park Wissahickon Watershed
DR1 July 20th July 20th 9:30AM Deer Fecal Samole Militia Rd. Park Wissahickon Watershed
HS1 Julv 20th Julv 20th 11AM Baby Horse Fecal Samole Erdenheim Stables WissahickonWatershed
GS2 July 20th Julv 20th 12:30 PM Goose Fecal Samole Fairmount Park Wissahickon Watershed
CW2 Julv20th Julv 20th 10:45AM Cow Fecal Sample Erdenheim Stables Wissahickon Watershed
gs4 Julv20th Julv 20th 12:45 PM Goose Fecal Samole Fairmount Park Wissahickon Watershed
SH2 Julv20th Julv 20th 1:30PM Sheep Fecal Sample Saul Agriculture School Wissahickon Watershed
DR2 Julv 20th Julv 20th 10:00 AM Deer Fecal Samole Mi1itia Rd. Park Wissahickon Watershed
CW1 July 20th Julv 20th 1:30PM Cow Fecal Sample Saul Agriculture School Wissahickon Watershed
-
SH3 Julv 20th Julv 21st 1:30'PM Sheeo Fecal Samole Saul Aariculture School Wissahickon Watershed
Volume Filtered Packed Pellet Processed Water
.+;.
N
.'
--... -- ----. ------- -----.-
- _._...- ........_-- . _._._-- .. - -
Wiss 140 1st Half Neoative ? 0.4 ml 3.49
Wiss 410 1st Half Neoative ? 0.4 ml 1.31
Wiss 140 2nd Half Neoative ? 0.4 ml 3.49
Wiss 41 0 2nd Half Neoative ? 0.4 ml 1.31
Wiss 140 21st Half Lab Error 34.7 0.8 ml 1.56
Wiss410 2 1st Half Lab Error 18.6 1.6 ml 5.87
Wiss 140 2 2nd Half Neoatlve 34.7 0.8ml 1.56
Wiss410 2 2nd Half Neoative 18.6 1.6ml 5.87
Sayre 1 Negative - 1 gram -
Savre 2 Neoative - 1 aram -
Sayre 3 Negative - 1 gram -
Sayre 4 Neaative - loram -
MTl Negative - .5 gram -
MT2 Neoative
-
.Soram -
MT3 Neaative - .Soram -
MT4 Negative - .5 gram -
78-1 Neaative
-
.Soram -
78-2 Negative - .5 gram -
78-3 Neoative - .Soram -
78-4 Negative
-
.5 gram -
Detection Limit Clean Detected 1000,100,1 - - -
Detection Limit Soiked Pellets Detected 1000,100 - .Soram -
Wiss 410 (3) Negative ? 0.4 ml 4.68
Soiked DL Test #2 Detected 75 onlv
-
.Soram -
PKl Negative .5 gram -
PK2 Neoative - .Soram -
PK3 Negative
-
.Saram
-
PK4 Neoatlve .Soram
-
PKS Neaative .5 cram -
PK6 Negative - .5 gram -
Wiss 140 (4\ Neaative ? 1 107
WIss410 (4) Negative ? 1.1 20.2
SHl Neoative - .Soram
-
GS3 Negative - .5 gram -
DRl Neoative - .Soram -
HSl False Positive - .5 gram -
GS2 Neoatlve - .Saram
-
CW2 Negative .Soram
-
gs4 Neoative - .5 gram -
SH2 Neoative - .Soram -
DR2 Negative
-
.5 gram
-
CWl Neoative - ·.Saram -
SH3 Lost Dunno IMS
-
.5 gram
-
-!'-
w
•
_ ...... n_ ............ ........... ........................ .................................... ........ .... - ...........-- _..... , ........................... ---_......... ----". - .....
DR3 Julv 20th July 21st lOAM Baby Deer Fecal Sample Militia Rd. Park Wissahickon Watershed
RC Julv 20th Julv 21st 9AM Racoon Fecal Sample Washinoton Park Open Field Wissahickon Watershed
HS2 Julv 20th July 21st 11:20AM Horse Fecal Sample Courtesy Stables Wissahickon Watershed
CW3 Julv 20th Julv 21st 1:30 PM Cow Fecal Samole Saul Aoriculture School Wissahickon Watershed
GSl July 20th July 21st 12:30PM Goose Fecal Sample Fairmount Park Wissahickon Watershed
SH4 Julv 20th Julv 21 st 10:30 AM Sheep Fecal Sample Erdenheim Stables Wissahickon Watershed
HS3 July 20th July 21st 11:20AM Horse Fecal Sample Courtesy Stables Wissahickon Watershed
CW4 Julv 20th Julv 21st 10:45AM Cow Fecal Sample Erdenheim Stables Wissahickon Watershed
GS5 July 20th July 21st 12:50pm Goose Fecal Sample Fairmount Park Wissahickon Watershed
Spiked DL Test (Solid Sep.) - Auoust 3rd 100,75,50,25 limits -
Wiss 140 (5 August 3rd Auoust 3rd ? Water Drv Dav Sample Wissahickon Watershed
Wiss 410 (5 AUI:lUst 3rd Auoust 3rd ? Water Drv Dav Sample Wissahickon Watershed
WVl Auoust 14th Auoust 15th llAM Deer Fecal Sample Wooded Area in West Viroinia
WV2 Auoust 14th Auoust 15th l1AM Deer Fecal Sample Wooded Area in West Virginia
WV3 Auaust 14th Auoust 15th llAM Deer Fecal Sample Wooded Area in West Viroinia
WV4 August 14th AUQust 15th llAM Deer Fecal Sample -- Wooded Area in West Virginia
WV? Auaust 14th Auoust 15th llAM Very Liouid Deer Sample Wooded Area in West VirQinia
WVS August 14th August 15th l1AM Baby Deer Fecal Sample Wooded Area in West Virginia
Detection Limit Clean - Auaust 17th - 100,50,10,1 limits -
Wiss 140 6 Auoust 22nd Auaust 24th 3:30 PM Water Drv Dav Sample Wissahickon Watershed
Wiss4106 AUQust 22nd AUQust 24th 1:30 PM Water Dry Dav Sample Wissahickon Watershed
Wiss 140 7 Sept 6th Sept 8th 3pm Water Drv Dav Sample Wissahickon Watershed
Wiss4107 Sept 6th Sept 8th 3pm Water Dry Day Sample Wissahickon Watershed
Wiss t40 8 Sept 26th Sept 29th 3pm Water Dry Dav Sample Wissahickon Watershed
Wiss4108 Sept 26th Sept 29th 3pm Water Dry Day Sample Wissahickon Watershed
Wiss 140 9 Oct 3rd Oct 5th 10:30AM Water Dry Dav Sample Wissahickon Watershed
Wiss4109 Oct 3rd Oct 5th 12:30 PM Water Dry Dav Sample Wissahickon Watershed
Wiss 140 10#1 Oct 8th Oct 12th 8:30AM Water Wet Weather Sample Wissahickon Watershed
Wiss 140 10#2 Oct 8th Oct 12th 8:30AM Water Wet Weather Sample Wissahickon Watershed
Wiss 410 10#1 Oct 8th Oct 12th 9:30AM Water Wet Weather Sample Wissahickon Watershed
Wiss 410 10#2 Oct 8th Oct 12th 9:30AM Water Wet Weather Sample Wissahickon Watershed
NMl Oct 16th Oct 17th 2:30 PM Deer Fecal Sample Nockamixon S.P., PA Open Field
NM2 Oct 16th Oct 17th 3:30 PM Deer Fecal Sample Nockamixon S.P., PA Open Field
NM3 Oct 16th Oct 17th 4:30 PM Deer Fecal Sample Nockamixon S.P., PA Open Field
NM4 Oct 16th Oct 17th 5:30 PM Deer Fecal Sample Nockamixon S.P., PA Open Field
NM5 Oct 16th Oct 17th 6:30 PM Deer Fecal Sample Nockamixon S.P., PA Open Field
NM6 Oct 16th Oct 17th 7:30 PM Deer Fecal Sample Nockamixon S.P., PA Wooded Area
NM7 Oct 16th Oct 17th 8:30 PM Deer Fecal Samole Nockamixon S.P., PA Wooded Area
NM8 Oct 16th Oct 17th 9:30 PM Deer Fecal Sample Nockamixon S.P., PA Wooded Area
NM9 Oct 16th Oct 17th 10:30 PM Deer Fecal Sample Nockamixon S.P., PA Wooded Area
NM10 Oct 16th Oct 17th 11:30 PM Deer Fecal Sample Nockamixon S.P., PA Wooded Area
Wiss 140 11 Oct 24th Oct 25th 11:00AM Water Dry Day Sample Wissahickon Watershed
Wiss41011 Oct 24th Oct 25th 12:30 PM Water Drv Dav Sample Wissahickon Watershed
Wiss 140 12 Nov 1st Nov 2nd 11:00AM Water Dry Day Sample Wissahickon Watershed
Wiss410 12 Nov 1st Nov 2nd 12:40 PM Water Drv Dav Sample Wissahickon Watershed
CTl Nov 25th Nov 27th 11:00AM Deer Fecal Sample Open field in Connecticut
CT2 Nov 25th Nov 27th 12:00 PM Deer Fecal Sample Open field in Connecticut
~
Volume Filtered Packed Pellet Processed Water
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DR3 Negative - .5aram -
RC Neaative - .5 gram -
HS2 Neaative - 1ml -
CW3 Neaative - 1ml -
GS1 Neaative - 1ml -
SH4 Negative - .5 gram -
HS3 Neaative - 1ml
CW4 Negative - .5 gram
GS5 Neaative - 1ml -
Spiked DL Test (Solid Sep.) Detected 100,75,50,25
- 1ml -
Wiss 140 (5 False Positive 11.45 .2ml 1.37
Wiss 410 (5 Positive 10.1 .2ml 4.31
WV1 Negative - 1ml -
WV2 Neaative - 1ml -
WV3 Neqative - 1ml -
WV4 Neaative 1ml
WV? Neqative 1ml -
WVS Neaative 1ml -
Detection Limit Clean Detected 100,50,10
- -
Wiss 140 6 Neqative 3.3 0.8ml 3.25
Wiss410 6 False Positive 20.39 0.5ml 1.43
Wiss 1407 Neqative 5.26 0.3ml 2.02
Wiss 410 7 Positive 12.05 1.1ml 3.26
Wiss 140 8 Negative 18.65 1.2ml 0.679
Wiss 410 8 Neaative 4.15 0.45 ml 2.45
Wiss 140 9 Positive 12.55 .8ml 1.11
Wiss 410 9 Neqative 3.36 .4 ml 3.17
WISS 140 10#1 Neaative ? 1ml 108
Wiss 140 10#2 Neqative ? 1ml 108
Wiss410 10#1 Neaative ? 1ml 10.7
Wiss410 10#2 Negative ? 1ml 10.7
NM1 Neaative - 1ml
NM2 Negative
- 1ml
NM3 Positive 1ml
NM4 Negative 1ml
-
NM5 Neaative 1ml
-
NM6 Neaative 1ml
-
NM7 NeQative - 1ml -
NM8 Neaative - 1ml -
NM9 Neoative - 1ml -
NM10 Neaative - 1ml -
Wiss 140 11 Positive 4.35 .15ml ?
Wiss410 11 Positive 3.35 .15ml 12.5
Wiss 140 12 Negative 11.8 .15ml 0.441
Wiss 410 12 Neaative 3.43 .2ml 1.88 --
CT1 Negative - 1ml
CT2 Neaative
- 1ml -
DLSc-_ .. , ............__ . ...................................... _.............................. ........ -_ .._-~-- -_........ - ......._.. "'-" -----_., ---_ .. ~.- ..
CT3 Nov 25th Nov 27th 1:00PM Deer Fecal Sample Ooen field in Connecticut
CT4 Nov 251h Nov 27th 2:00 PM Deer Fecal Samole Open field in Connecticut
CT5 Nov 25th Nov 27th 3:00 PM Deer Fecal Sample Ooen field in Connecticut
CT6 Nov 25th Nov 27th 4:00 PM Deer Fecal Sample Open field in Connecticut
cn Nov 25th Nov 27th 5:00 PM Deer Fecal Sample Ooen field in Connecticut
CT8 Nov 25th Nov 27th 6:00 PM Deer Fecal Sample Open field in Connecticut
CT9 Nov 25th Nov 27th 7:00 PM Deer Fecal Sample Ooen field in Connecticut
CT10 Nov 25th Nov 27th 8:00 PM Deer Fecal Sample Open field in Connecticut
Wiss 140 (13) Nov 28th Nov 30th 10:40 AM Water Drv Dav Samole Wissahickon Watershed
Wiss410(13) Nov 28th Nov 30th 12:10 PM Water Dry Day Sample Wissahickon Watershed
Cat1 Dec 5th Dec 6th 11:15AM Cat Fecal Samole Roxborouah Veterenarv Hospital, Philadelphia
DOQ 1 Dec 5th Dec 6th 11:05 DOQ Fecal Sample Wissahickon Creek Vet Hospital, Philadelohia
Doa 2 Dec 5th Dec 6th 11:15AM Doa Fecal Samole Roxborouah Vet. Hospital, Philadelphia
Dog 3 Dec 5th Dec 6th 9:45AM Dog Fecal Sample Militia Rd. Park Wissahickon Watershed
Doa4 Dec 5th Dec 6th 11:05AM Doa Fecal Samole Wissahickon Creek Vet. Hospital, Philadelphia
Deer 1 Dec 5th Dec 5th 10:00 AM Deer Fecal Sample Militia Rd. Park Wissahickon Watershed
Deer 2 Dec 5th Dec 5th 10:00 AM Deer Fecal Sample Militia Rd. Park Wissahickon Watershed
Deer 3 Dec 5th Dec 5th 10:00 AM Deer Fecal Samole Militia Rd. Park Wissahickon Watershed
Deer 4 Dec 5th Dec 5th 10:00 AM Deer Fecal Sample Militia Rd. Park Wissahickon Watershed
Deer 5 Dec 5th Dec 5th 10:00 AM Deer Fecal Samole Militia Rd. Park Wissahickon Watershed
Duck 1 Dec 5th Dec 5th 11:00 AM Duck Fecal Sample Fairmount Park Wissahickon Watershed
Duck 2 Dec 5th Dec 5th 11:00AM Duck Fecal Sample Fairmount Park Wissahickon Watershed
Duck 3 Dec 5th Dec 6th 11:00AM Duck Fecal Sample Fairmount Park Wissahickon Watershed
Duck 4 Dec 5th Dec 6th 11:00AM Duck Fecal Sample Fairmount Park Wissahickon Watershed
Duck 5 Dec 5th Dec 6th 11:00AM Duck Fecal Samole Fairmount Park Wissahickon Watershed
Wiss 140 (14) Dec 6th Dec 8th 11:50AM Water Dry Day Sample Wissahickon Watershed
101 Jan 3rd Jan 4th 9am Deer Fecal Samole Round Lake S.P., Idaho Visitor Center Lawn
ID2 Jan 3rd Jan 4th 9am Deer Fecal Sample Round Lake S.P., Idaho CampQround
103 Jan 3rd Jan 4th 9am Deer Fecal Sample Round Lake S.P., Idaho Beach Area DailY Use
101 (rerun) Jan 3rd Jan 25th 9am Deer Fecal Sample Round Lake S.P., Idaho Visitor Center Lawn
102 (rerun) Jan 3rd Jan 25th 9am Deer Fecal Sample Round Lake S.P., Idaho Camparound
103 (rerun) Jan 3rd Jan 25th 9am Deer Fecal Samole Round Lake S.P., Idaho Beach Area Daily Use
LH1 Jan 5th Jan 6th 4pm Deer Fecal Sample Lehiah Campus Lawn
LH2 Jan 6th Jan 6th 10:00 AM Deer Fecal Samole Lehiah Campus Lawn
Wiss 140 15 Jan 3rd Jan 6th 10:35 AM Water Dry Day Sample Wissahickon Watershed
Wiss410 15 Jan 3rd Jan 6th 11:30AM Water Drv Day Samole Wissahickon Watershed
Wiss 140 16 Jan 23rd Jan 25th 10:45 AM Water Wet Day sample Wissahickon Watershed
Wiss 410 16 Jan 23rd Jan 25th 11:30 AM Water Wet Day sample Wissahickon Watershed
WT1 Jan 23rd Jan 25th 12:00 PM Abinaton WWTP effluent Wissahickon Watershed
Wiss 140 (17 Feb 6th Feb 8th 12:45 PM Water Dry Day Sample Wissahickon Watershed
Wiss 410 (17) Feb 6th Feb 8th 1:30PM Water Drv Dav Samole Wissahickon Watershed
NSP1 Feb 7th Feb 8th 2:00 PM Deer Fecal Sample Nockamixon State Park, PA open field
NSP2 Feb 7th Feb 8th 2:15PM Deer Fecal Samole Nockamixon State Park, PA open field
NSP3 Feb 7th Feb 8th 2:30 PM Deer Fecal Sample Nockamixon State Park, PA open field
NSP5 Feb 7th Feb 8th 3:00 PM Deer Fecal Sample Nockamixon S.P., PA GrassvWooded area
NSP6 Feb 7th Feb 8th 3:20 PM Deer Fecal Sample Nockamixon S.P., PA Open field near lake
NSP7 Feb 7th Feb 8th 3:50 PM Deer Fecal Sample Nockamixon S.P., PA Ooen field near lake
..
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CT3 Neoative - 1ml -
CT4 Negative - 1ml -
CT5 Neoative - 1ml -
CT6 Negative - 1ml -
CT7 Neoative - 1ml -
CT8 Negative - 1ml -
CT9 Neoative - 1ml -
CT10 Negative - 1ml -
Wiss 140 (13) Neoative 20 .15 ml 1.6
Wiss410(13) Neoative 10 .2ml 3.32
Cat 1 Negative - 1ml
Dog 1 Neoative 1ml
Doa 2 Negative - 1ml -
Doa 3 Neoative - 1ml -
Doa 4 Negative - 1ml -
Deer 1 Neoative - 1ml -
Deer 2 Negative - 1ml -
Deer 3 Neoative - 1ml -
Deer 4 Negative - 1ml -
Deer 5 Neaative - 1ml -
Duck 1 Neoative - 1ml -
Duck 2 Negative - 1ml -
Duck 3 Neoative - 1ml -
Duck 4 Negative - 1ml -
Duck 5 Neoative - 1ml -
Wiss 140 (14) Positive 11.5 .15 ml 1.78
ID1 Inconclusive
- 1ml
ID2 Inconclusive - 1ml
ID3 Inconclusive - 1ml
ID1 (rerun) Neoative
- 1ml
102 (rerun) Negative - 1ml -
103 (rerun) Neoative - 1ml
LH1 Negative - 1ml
LH2 Neoative
- 1ml
Wiss 140 15 Neaative 0.15 0.3625 ml 66.9
Wiss410 15 Positive 0.3 0.3 ml 43.7
Wiss 140 16 Neoative 0.05 1.3ml 0.93
Wiss410 16 Negative 0.05 0.6ml 72
WT1 Neoative 2 1.5ml 7.09
Wiss 140 17) Positive 4.7 .15ml 5.87
Wiss410(17) Positive 1.2 .2ml 9.74
NSP1 Negative - 1ml
NSP2 Neoative - 1ml -
NSP3 Neoative
- 1ml -
NSP5 Negative
- 1ml -
NSP8 Neoative - 1ml
NSP7 Negative - 11111 -
'=
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NSP8 Feb 7th Feb 8th 4:50 PM Deer Fecal Sample Nockamixon S.P., PA Open field near lake
NSP10 Feb 7th Feb 8th 4:50 PM Deer Fecal Sample Nockamixon S.P., PA Open field near lake
Wiss 140 (18) Feb 28th March 2nd 10:40 AM Water Dry Day Sample Wissahickon Watershed
Wiss 410 (18) Feb 28th March 2nd 12:10 PM Water Dry Day Sample Wissahickon Watershed
Wf2 Feb 28th March 2nd 1:10 PM Abinqton WWfP effluent Wissahickon Watershed
Wf2' Feb 28th March 2nd 1:10 PM Abington WWfP effluent Wissahickon Watershed
Wiss 140 (19) March 6th March 8th 11:30AM Water Dry Day Sample Wissahickon Watershed
Wiss 410 (19) March 6th March 8th 12:50 PM Water Dry Day Sample Wissahickon Watershed
WW1 Martch 10th March 11th 4:10 PM Deer Fecal Sample Ft. Washinqinton State Park Wissahickon Watershed
WW2 Martch 10th March 11th 5:45 PM LiquidY Goose / Duck Sample Fairmount Park Wissahickon Watershed
WW3 Martch 10th March 11th 5:55 PM Goose Fecal Sample Fairmount Park Wissahlckon Watershed
WW4 Martch 10th March 12th 5:35 PM Goose Fecal Sample Fairmount Park Wissahickon Watershed
WW5 Martch 10th March 11th 1:45 PM Deer Fecal Sample Wissahickon Watershed neer Rose Valley Creek
WW6 Martch 10th March 11th 4:15 PM Deer Fecal Sample Ft. Washinointon State Park Wissahickon Watershed
WW7 Martch 10th March 12th 1:15 PM Canada Goose Fecal Wissahickon Watershed neer Rose Vallev Creek
WW8 Martch 10th March 12th 5:00 PM Deer Fecal Sample Wissachickon ValleY Park, Wissahickon Watershed
WW9 Martch 10th March 12th 1PM Deer Fecal Sample Wissahickon Watershed neer Rose ValleY Creek
WW10 Martch 10th March 12th 1:40 PM Deer Fecal Sample Wissahickon Watershed neer Rose Valley Creek
WW11 Martch 10th March 12th 5:40 PM GooselDuck Fecal Sample Fairmount Park Wissahickon Watershed
WW12 Martch 10th March 12th 5:30 PM Goose/Duck Fecal Sample Fairmount Park Wissahickon Watershed
WW13 Martch 10th March 12th 5:50 PM Goose/Duck Fecal Sample Fairmount Park Wissahickon Watershed
WW14 Martch 10th March 12th 3:15 PM Deer Fecal Sampie "City Park" in Wissahlckon Watershed
WW15 Martch 10th March 12th 1:50 PM Canada Goose Fecal Wissahickon Watershed neer Rose ValleY Creek
WW16 Martch 10th March 12th 5:42 PM Gosse / Duck Fecal Sample Fairmount Park Wissahickon Watershed
Wiss 140 (20) March 27th March 29th 11:10AM Water Dry Day Sample Wissahickon Watershed
Wiss 410 (20) March 27th March 29th 12:45 Water Dry Day Sample Wissahickon Watershed
Wf3 March 27th March 29th 1:55PM Abinqton WWfP effluent Wissahickon Watershed
Wf3' March 27th March 29th 1:55 PM Abinqton WWfP effluent Wissahickon Watershed
Wiss 140 (21) April3rd April3rd 10:50 AM Water Dry Day Sample Wissahickon Watershed
Wiss 410 (21) Aoril3rd April3rd 12:35 PM Water Dry Day Samole Wissahickon Watershed
Wiss 140 22 #1 April 22nd / 23rd? April 25th ? Wet Weather Sample Wissahickon Watershed
. Wiss 140 22 #2 April 22nd / 23rd? April 25th ? Wet Weather Sample Wissahickon Watershed
Wiss 410 22 #1 April 22nd / 23rd? April 25th ? Wet Weather Sample Wissahickon Watershed
Wiss 410 22 #2 April 22nd / 23rd? April 25th ? Wet Weather Sample Wissahlckon Watershed
Wiss 140 (23) April 24th April 26th 11:48AM Water Dry Day Sample Wissahickon Watershed
Wiss 410 (23) April 24th April 26th 12:50 PM Water Dry Day Sample Wissahickon Watershed
Wf4 April 24th April 24th 2:06 PM Abinqton WWfP effluent Wissahickon Watershed
Wf4' April 24th April 24th 2:06 PM Abington WWfP effluent Wissahlckon Watershed
Wiss 140 (24) May 8th May 10th 11 :55 Water Dry Day Sample Wissahickon Watershed
Wiss 410 (24) May 8th May 10th 1:38 Water Dry Day Sample Wissahickon Watershed
SH1 May 10th May 10th 3:30 PM Older Sheep Fecal Sample Saul Aqriculture School Wissahickon Watershed
SH2 May 10th May 10th 1:30 PM Younq Sheep (few months) Erdenheim Stables Wissahickon Watershed
SH3 May 10th May 10th 1:30 PM Younq Sheep (few months) Erdenheim Stables Wissahickon Watershed
SH4 May 10th May 11th 3:30 PM Older Sheep Fecal Sample Saul Aoriculture School Wissahickon Watershed
SH5 May 10th May 11th 1:30 PM Young Sheep (few months) Erdenheim Stables Wissahickon Watershed
SH6 May 10th May 11th 1:30 PM Younq Sheep (few months) Erdenheim Stables Wissahickon Watershed
CW1 May 10th May 10th 2:00 PM Young Cow Calf (weeks old) Erdenheim Stables Wissahickon Watershed .
=<;
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NSP8 Neqative - lml -
NSP10 Neqative - 1 ml -
Wiss 140 (18) Neqative 12.2 0.15 1.52
Wiss 410 (18) False Positive 17 0.3 2.83
WT2 Neqative 3.61 1 ml 3.81
WT2* Neqative 3.61 lml 3.81
Wiss 140 (19) Neqative 17.1 .3ml 1.57
Wiss 410 (19) Neqative 10.55 .4 ml 2.94
WWl Neqative - 1 ml -
WW2 Neqative - 1 ml -
WW3 Negative - 1 ml
WW4 Negative - 1 ml -
WW5 Negative - 1 ml -
WW6 Neqative lml -
WW7 Neqative - lml -
WW8 Neqative - lml -
WW9 Negative - 1 ml
WWl0 Negative - 1 ml
WWll Negative - 1 ml
WW12 Negative - 1 ml
WW13 Neqative - 1 ml
WW14 Neaative 1 ml -
WW15 Neqative - lml -
WW16 Neaative - lml
Wiss 140 (20) Neqative 12.15 .25 ml 1.99
Wiss 410 (20) Neqative 11.9 .3ml 2.7
WT3 Neaative 4.75 .9ml 1.66
WT3* Neqative 4.75 .9ml 1.66
Wiss 140 (211 Neoative 16.65 .3ml 1.86
Wiss410(21) Neqative 12.35 .55ml 5.3
Wiss 140 22 #1 Neaative 2.5 lml 63.04
Wiss 140 22 #2 Neqative 2.5 lml 63.04
Wiss 410 22 #1 Neqative 2.17 lml 40.54
Wiss 410 22 #2 Neaative 2.17 lml 40.54
Wiss 140 (23) Neqative 5 .15ml 17.3
Wiss 410 (23) Neaative 3.76 .5ml 18.5
WT4 Neqative 5 lml 3.37
WT4* Neqative 5 lml 3.37
Wiss 140 (24) Neqative 8.15 .4 ml 1.46
Wiss 410 (24) Neqative 6.65 .5ml ?
SHl Negative lml
SH2 Neqative lml -
SH3 Positive - lml -
SH4 Neqative
-
lml -
SH5 Positive - lml -
SH6 Positive - lml -
CWl Neaative - lml -
"'=
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Sample Label
CW2
CW3
CW4
CW5
HE1
HE2
HE3
GS1
GS2
GS3
DK
Wiss 140(25)
Wiss 140(26)
Wiss 410(26)
WT5
Date Collected
May 10th
May 10th
May 10th
May 10th
May 10th
May 10th
May 10th
May 10th
May 10th
May 10th
May 10th
May 22nd
June 5th
June 5th
June 5th
Date Processed
May 10th
May 11th
May 11th
May 11th
May 10th
May 11th
May 11th
May 10th
May 11th
May 11th
May 10th
May 24th
June 7th
June 7th
June 7th
Time Collected
2:00 PM
3:30 PM
3:30 PM
3:30 PM
2:15 PM
2:45 PM
2:15PM
4:00 PM
4:00 PM
4:00 PM
3:30 PM
10:50 PM
10:17AM
11:59AM
1:03 PM
Sample Description
Young Cow Calf (weeks old)
Older Cow
Older Cow
Baby Cow (few months old)
Older Horse Fecal Sample
Older Horse Fecal Sample
1 yr old horse
Waterfowl (Duck/qoose)
Waterfowl (Duck/qoose)
Waterfowl (Duck/qoose)
Youno DonkeY Fecal Sample
Water Dry Day Sample
Water DrY-Day Sample
Water Dry Day Sample
Abinoton WWfP effluent
Location Description
Erdenheim Stables Wissahickon. Watershed
Saul Agriculture School Wissahickon Watershed
Saul Aqriculture School Wissahickori Watershed
Saul Agriculture School Wissahickoh Watershed
Erdenheim Stables Wissahickoh Watershed
Courtesy Stables WissahickonWatershed
Erdenheim Stables Wissahick6h Watershed
Fairmount Park Wissahick6n Watershed
Fairmount Park Wissahickon Watershed
Fairmount Park Wissahickon Watershed
Saul Aqnculture School Wissahick6n Watershed
Wissahickon Watershed
Wissahick6ri.Watershed
Wissahickon Watershed
Wissahickon Watershed
Volume Filtered Packed Pellet Processed
Ul
o
Samole Label Result laallons) Volume Imll I mass (a) Turbiditv INTU1
CW2 NeQative - 1ml -
CW3 Neaative
-
1ml
-
CW4 NeQative 1ml -
CW5 Neaative 1ml -
HE1 NeQative 1ml -
HE2 Neaative 1ml -
HE3 Negative 1ml -
GS1 NeQative - 1ml -
GS2 Negative - 1ml -
GS3 NeQative 1ml
-
DK Neaative 1ml
-
Wiss 140(25) NeQative 11.05 .25ml 2.2
Wiss 140(261 Positive 5.95 .2ml ?
Wiss 410(26) NeQative 9.38 .3ml ?
Wf5 Neaative 3.85 1.3 ml ?
__A_0?endix 2: CCS Alignment
1 CfelisAF112575
2 C parvum (kangaroo) AF 112570
3 C parvum (ferret) AF 112572
4 C hominis AF093489
5 C parvum (bovine) AF093493
6 140(14)#8,11,12
7 410(11) #5
8 410(7)
9 NMD3 #10
10 140(11) #4
11 Lab Control
12 410(15) #3
13 410(5)#1
14 C, parvum (dog) AF112576
15 C, meleagr.'dis AF 112574
16 CwrairiU11449
17 C, parvum (pig) AF115377
18 Skunk Isolate AY120903
19 140(14) #6
20 410(5)#4,5
21 410(17) #3
22 140(17) #4
23 Cervine Genotype AY030088
24 410(11) #1,3,10
25 140(17) #5,7
26 410(15)#1,4
27 140(17)#3,8,19
28 410(17) #4,5,6
29 410(15) #5,9
30 New Guinea Boa Isolate AY120913
31 140(9)
32 140(11)#8
33 Canada Goose Isolate AY504514
34 140(11)#1,3,6,10
35 C, baileyi L19068
36 NMD3#1,2,3,12
37 Deer Isolate AY120910
38 SH3
39 SH5
40 SH6
41 140(26)
42 Boa Ortoni Isolate AY268584
43 C serpentis AF093499
44 C andersoni AB089285
45 C muns AB089284
,
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"1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
T G T T - A A T - A C C T T A T
T G T T - - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - G A T A A T T T A T A
T G T T A A T A A T T T A T A
T G T T - - A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T A A T A A T T T A T A
T G T T - A A T A A T T T A T A
T G T T - A A T - T C T C G T A
T G T T - A A T - T C T C G T A
T G T T - A A T - T C T C G T A
T G T T - A A T T - T T T A T A
T G T T - A A T - T T T T A T A
T G T T - A A T A C T T A T A
T G T T A A T T - T T T A T A
T G T T - A A T T T T T A T A
T G T T A A T T T T T A T A
T G T T A A T T T T T A T A
T G T T - A A T T - T T T A T A
T G T T A A T T G C T T T A
T G T T A A T T G C T T T A
T G T T G T A T T T - T T A T A A
T G T T G T A T A A T T T A T A A
T G T T G T A T A A T C T A T A A
Note: Shaded areas are "masked out" of the alignment.
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18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
A T . A T A A T A T T T T T T T T T A A A T A T T
T A T T A T A C T T T T T A A G G · · - - - - T G
T A A A A T A T T T T G A T T A A - - · - - - T A
T A A A A T A T T T T G A T G A A
- · - - ·
- T A
T A A A A T A T T T T G A T G A A
· - - - · -
T A
T A A A A T A T T T T G A T G A A
- · - - · ·
T A
T A A A A T A T T T T G A T G A A
- · - - - -
T A
T A A A A T A T T T T G A T G A A
·
-
· -
- -
T A
T A A A A T A T T T T G A T G A A - - - - · - T A
T A A A A T A T T T T G A T G A A
- · ·
-
· -
T A
T A A A A T A T T T T G A T G A A
- · - - - -
T A
T A A A A T A T T T T G A T G A A - - - - · - T A
T A A A A T A T T T T G A T G A A - · · · · · T A
T A T A A T A T T T . . A - A C A - · - - - - T A
T A T A A T A T T T - G A T T A A - - - - · - T A
T A T A A T A T T T T G A - A A A · · · · · · T A
T A T A A T A T T T T T A A
· · - - -
- - - - T A
T A T A A T A T T T T A A T T A A - - - - - - T A
T A T A A T A T T T T A A T T A A - · - - · - T A
T A T A A T A T T T T A A T T A A
·
- - · · ·
T A
1 T A T A A T A T T T T A A T T A A
·
- - · - ·
T A
T A T A A T A T T T T A A T T A A
· -
- · - ·
T A
T A T A A T A T T T T A T T A A - - - - - - · T A
T A T A A T A T T T T A T T A A
- · · - · ·
- T A
T A T A A T A T T T T A T T A A
· · · - · ·
- T A
T A T A A T A T T T T A T T A A
- · · - · · ·
T A
T A T A G A A T A T T T T G A A A G A T A - - T T
T A T A G A A T A T T T T G A A A G A T A - · T T
T A T A G A A T A T T T T G A A A G A T A - - T T
T A T T A T A C T A C G G - · - - - · - · - - T A
1 T A T T A T A C T A C G G - - - - - · · · · - T A
T A T T A T A C T A C G G
· · · · ·
- - - - -
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G C A T G G A A T A A T A
·
T T A A
G C A T G G A A T A A T A
·
T T A A
G C A T G G A A T A A T A - T T A A
G C A T G G A A T A A T A - T T A A
G C A T G G A A T A A T A - T T A A
G C A T G G A A T A A T A
·
T T A A
G C A T G G A A T A A T A A T A A A
G C A T G G A A T A A T A A T A A A
G C A T G G A A T A A T A A G T A A
G C A T G G A A T A A T A A G T A A
G C A T G G A A T A A T A A G T A A
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185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202
A G A T T T T T A T C T T T T T T T
A G A T T T T T A T C T T T C T T
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T T T T
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T T T T -
A G A T T T T T A T C T T T T T T -
A G A T T T T T A T C T T T C T T
-
A G A T T T T T A T C T T T T T T ·
A G A T T T T T A T C T T T T T T ·
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T T T T ·
A G A T T T T T A T C T T T C T T ·
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T C T T ·
A G A T T T T T A T C T T T T T T
·
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T T T T
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T T T T -
A G A T T T T T A T C T T T T T T
·
A G A T T T T T A T C T T T T T T
·
A G A T T T T T A T C T T T T T T -
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T C T T
·
A G A T T T T T A T C T T T C T T -
G G A T T T T T A T C T T T C T T -
G G A T T T T T A T C T T T C T T -
G G A T T T T T A T C T T T C T T -
G G A T T T T T A T C C T T C T T
·
G G A T T T T T A T C C T T C T T
·
A G A T T T T T A T C T T T C T T -
G G A T T T T T A T T C T T C T T -
G G A T T T T T A T T C T T C T T -
G G A T T T T T A T T C T T C T T
·
G G A T T T T T A T T C T T C T T
·
G G A T T T T T A T T C T T C T T -
A G A T T T T T A T C T T T C T T -
A G A T T T T T A T C T T T C T T
·
G G A C T T T T G T C T T T C T T -
G G A C T T T T G T C T T T C T T -
G G A C T T T T G T C T T T C T T -
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203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226
T A T T G G T T C T A A G A T A A A A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
- A T T G G T T C T A A G A T A A G A A T A A T
- A T T G G T T C T A A G A T A A G A A T A A T
- A T T G G T T C T A A G A T A A G A A T A A T
- A T T G G T T C T A A G A T A A G A A T A A T
- A T T G G T T C T A A G A T A A G A A T A A T
- A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
· A T T G G T T C T A A G A T A T G A A T A A T
· A T T G G T T C T A A G A T A G A A A T A A T
·
A T T G G T T C T A A G A T A A A A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
· A T T G G T T C T A A G A T A A A A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
A T T G G T T C T A A G A T A A G A A T A A T
· A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A A A A T A A T
·
A T T G G T T C T A A G A T A A A A A T A A T
· A T T G G T T C T A A G A T A A A A A T A A T
·
A T T G G T T C T A A G A T A A A A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A A G A T A A G A A T A A T
· A T T G G T T C T A A G A T A A G A A T A A T
·
A T T G G T T C T A G G A T A A A A A T A A T
· A T T G G T T C T A G G A T A A A A A T A A T
·
A T T G G T T C T A G G A T A A A A A T A A T
· A T T G G T T C T A G G A T A A A A A T A A T
·
A T T G G T T C T A G G A T A A A A A T A A T
·
A T T G G T T C T A G G A T A A A A A T A A T
·
A T T G G T T C T A G A A T A A A A A T A A T
- A T T G G T T C T A G A A T A A A A A T A A T
·
A T T G G T T C T A G A A T A A A A A T G A T
·
A T T G G T T C T A G A A T A A A A A T G A T
·
A T T G G T T C T A G A A T A A A A A T G A T
T A T T G G T T C T A A G A T A G A A A T A A T
T A T T G G T T C T A A G A T A G A A A T A A T
·
G T T G G T T C T A G G A T A A A A G T A A T
·
A T T G G T T C T A G G A C A A A A G T A A T
· A T T G G T T C T A G G A C A A A A G T A A T
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G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G A A C A G T T G G G G G C A
G A T T A A T A G G A A C A G T T G G G G G C A
G A T T A A T A G G A A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G A T T A A T A G G G A C A G T T G G G G G C A
G G T T A A T A G G G A C A G T T G G G G G C A
G G T T A A T A G G G A C A G T T G G G G G C A
G G T T A A T A G G G A C A G T T G G G G G C A
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251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T T A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T C G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T C A G A G G T G A
T T T G T A T T T A A C A G T T A G A G G T G A
T T T G T A T T T A A C A G T T A G A G G T G A
T T C G T A T T T A A C A G T C A G A G G T G A
T T C G T A T T T A A C A G C C A G A G G T G A
T T C G T A T T T A A C A G C C A G A G G T G A
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T A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A G
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A G
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C A A
A A T T C T T A G A T T T G T T A A A G A C G A
A A T T C T T A G A T T T G T T A A A G A C G A
A A T T C T T A G A T T T G T T A A A G A C G A
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A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A A T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A G T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
A C T A C T G C G A A A G C A T T T G C C A A G
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G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T C T C A T T A A T C A A G A A C G A
G A T G T T C T C A T T A A T C A A G A A C G A
G A T G T T C T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
G A T G T T T T C A T T A A T C A A G A A C G A
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41
42
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44
45
347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A G G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
A A G T T A G G G G A T C G A A G A C G A T C A
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45
371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G G T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
G A T A C C G T C G T A G T C T T A A C C A T A
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395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A C G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C A A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
A A C T A T G C C G A C T A G A G A T T G G A G
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419 420 421 422 423 424
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
G T T G T T
___A2Pendix 3: RNAFold Alig,---n_m_e_n_t__
HELIX 1
1 C felis AF112575
2 C. parvum (kangaroo) AF 112570
3 C parvum (ferret) AF112572
4 C hominis AF093489
5 C parvum (bovine) AF093493
6 140(14)#8,11,12
7 410(11) #5
8 410(7)
9 NMD3 #10
10 140(11) #4
11 Lab Control
12 410(15) #3
13 410(5)#1
14 C. parvum (dog) AF112576
15 C me/eagridis AF112574
16 C.wrairiU11449
17 C. parvum (pig) AF115377
18 Skunk Isolate AY120903
19 140(14) #6
20 410(5)#4.5
21 410(17) #3
22 140(17) #4
23 Cervine Genotype AY030088
24 410(11) #1,3.10
25 140(17) #5,7
26 410(15) #1,4
27 140(17) #3,8,19
28 410(17) #4,5.6
29 410(15) #5,9
30 C andersoni AB089285
31 C muris AB089284
32 New Guinea Boa Isolate AY120913
33 140(9)
34 140(11)#8
35 Canada Goose Isolate AY504514
36 140(11)#1.3.6.10
37 C baileyi L19068
38 NMD3#1,2.3,12
39 Deer Isolate AY120910
40 SH3
41 SH5
42 SH6
43 140(26)
44 Boa Ortoni Isolate AY268584
45 C serpenfis AF093499
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
T G T T A A T A C C T T A T A T A - T A A T A
TG TT AA T A A T T T A T A T A T T A T A C
T G T T A A T A A T T T A T A T A A A A T A T
T G T T AA T A A T T T A T A T A A A A T A T
TG TT A A T A A T T T A T A T A A A A T A T
T G TT A A T A A T T T A T A T A A A A T A T
TG TT AA T A A T T T A T A T A A A A T A T
TG TT AA T A A T T T A T A T A A A A T A T
T G T T A A T A A T T T A T A T A A A A T A T
TG TT AA T A A T T T A T A T A A A A T A T
TG T T AA T A A T T T A T A T A A A A T A T
TG T T A A T A A T T T A T A T A A A A T A T
T G TT A A T A A T T T A T A T A A A A T A T
TG TT AA T A A T T T A T A T A T A A T A T
T G T T A A T A A T T T A T A T A T A A T A T
TG TT AA T A A T T T A T A T A T A A T A T
TG TT AA T A A T T T A T A T A T A A T A T
TG TT A A T A A T T T A T A T A T A A T A T
T G TT A A T A A T T T A T A T A T A A T A T
T G TT A A T A A T T T A T A T A T A A T A T
TG T T A A T A A T T T A T A T A T A A T A T
T G T T G A T A A T T T A T A T A T A A T A T
T G TT A A T A A T T T A T A T A T A A T A T
TG TT A A T A A T T T A T A T A T A A T A T
TG T T A A T A A T T T A T A T A T A A T A T
TG T T A A T A A T T T A T A T A T A A T A T
T G TT A A T A A T T T A T A T A T A G A A T
TG T T A A T A A T T T A T A T A T A G A A T
T G T T A A T A A T T T A T A T A T A G A A T
TG T T G T A T A A T T T A T A A T A - T T A
TG T T G T A T A A T C T A T A A T A T T A
T G TT A A T T C T C G T A T A T T A T A C T
TG T T A A T T C T C G T A T A T T A T A C T
T G T T AA T T C T C G T A T A T T A T A C T
TG T T A A T T T T T A T A T A T A A T A C T
TG T T A A T T T T T A T A T A T A A T A C T
T G T T A A T A C T T A T A T A C A A T A C C
T G TT A A T T T T T A T A T A C A A T A C T
TG T T A A T T T T T A T A T A C A A T A C T
T G T T A A T T T T T A T A T A T A A T A T C
T G TT A A T T T T T A T A T A T A A T A T C
T G T T A A T T T T T A T A T A T A A T A T C
T G T T A A T T G C T T T A T A T A A T T T A
T G T T A A T T G C T T T A T A T A A T T T A
T G T T G - T A T T T T T A T A A T A T T A T
Note: Shaded areas are "masked out" of the alignment. This alignment is shown only up through
Helix 2. The alignment is identicle to the CCS alignment beyond this point.
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HEUX1
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
T T T T T T T T T A A A T A T T A T T A T G T A A G - - A T T A
T T T T T A A G G
- - - -
T G - T T T A T A T A A - T A T T A
T T T G A T T A A
- - - ·
T A T T T A T A T A A - T A T T A
T T T G A T G A A
- · - -
T A - T T T A T A T A A - - T A T T A
T T T G A T G A A - - - - T A - T T T A T A T A A - - T A T T A
T T T G A T G A A
· -
- - T A - T T T A T A T A A - - T A T T A
T T T G A T G A A - - - - T A - T T T A T A T A A - - T A T T A
T T T G A T G A A - - - - T A - T T T A T A T A A - - T A T T A
T T T G A T G A A - - · - T A - T T T A T A T A A - T A T T A
T T T G A T G A A - - - - T A - T T T A T A T A A - T A T T A
T T T G A T G A A
· -
- - T A - T T T A T A T A A - - T A T T A
T T T G A T G A A - - · - T A - T T T A T A T A A - - T A T T A
T T T G A T G A A
· - - -
T A - T T T A T A T A A - T A T T A
T T A A C A - - - - - · - T A T T - T A T A T A A - - T A T T A
T T G A T T A A - - - - - T A T T - T A T A T A A - T A T T A
T T T G A A A A - - - - - T A T T - T A T A T A A - T A T T A
T T T T A A
- - - - · · -
T A T T T A T A T A A - - T A T T A
T T T A A T T A A
- - - ·
T A T T - T A T A T A A - - T A T T A
T T T A A T T A A - - - · T A T T T A T A T A A - T A T T A
T T T A A T T A A - · - - T A T T T A T A T A A - T A T T A
1 T T T A A T T A A - · · · T A T T T A T A T A A - T A T T A
T T T A A T T A A
- - - ·
T A T T - T A T A T A A - T A T T A
T T T A T T A A - · - - - T A T T T A T A T A G T A T T A
T T T A T T A A - · - - - T A T T T A T A T A G - T A T T A
5 T T T A T T A A
- - - - -
T A T T T A T A T A G - T A T T A
T T T A T T A A
- - · - -
T A T T - T A T A T A G - T A T T A
A T T T T G A A A G A T A T T T T T A T A T A A - T A T T A
A T T T T G A A A G A T A T T T T T A T A T A A - - T A T T A
9 A T T T T G A A A G A T A T T T T - T A T A T A A - - T A T T A
0 C C A A G G T
· · - - · ·
A A T T A T T A T A - - T T A T - C A
1 C T A A G G T
·
- · - - -
A T A T A T T A T A - - T T A T - C A
2 A C G
· - ·
-
· -
- · - -
G T A T - G T A T A T G A - C A T T A
3 A C G - - - - - - - - · · G T A T - G T A T A T G A - C A T T A
4 A C G
- · -
.
· · -
- -
·
G T A T - G T A T A T G A C A T T A
5 A C G
- ·
- - - · - -
- - G T A T T - T A T A T A A T A T T A
6 A C G
· · -
- - - · ·
- - G T A T T T A T A T A A C A T T A
7 A C G
· - -
- - - - · · -
G T A T T - T A T A T A A - C A T T A
8 A C G - · · - · · - - · · G T A T T T A T A T A A T A T T A
9 A C G - - - - · - - - - - G T A T T - T A T A T A A T A T T A
0 A C G
- ·
- - - - · · - -
A T A T T - T A T A T A A - T A T T A
1 A C G
· · - - · · -
- · -
A T A T T T A T A T A A T A T T A
2 A C G - - · - · - · - - - A T A T T - T A T A T A A T A T T A
3 T G C T T T G C T G C A T A T T T A T A T - - A G T - A T T A
4 T G C T T T G C T G C A T A T T T A T A T - A G T A T T A
5 T A A G G
- - - - - - - -
T A A T A T T T A T - A A T A T C A
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
2
22
23
24
2
26
27
28
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
HELIX 1 HELIX 2
56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87
A C A T A A T T C A T A T T T T T T A A G A C T G A A T T T T T
A C A T A A T T C A T A T T A C T A T A T T T T T T
- - · - · -A C A T A A T T C A T A T T A C T A A A T T T T T G T T - - - -A C A T A A T T C A T A T T A C T A T T T T T T T T T T - - - -
A C A T A A T T C A T A T T A C T A T A T A T T T
- - - · · -
-
A C A T A A T T C A T A T T A C T A T T T T T T T T T
· - · - -A C A T A A T T C A T A T T A C T A T T T T T T T T T -
· · ·
-
A C A T A A T T C A T A T T A C T A T T T T T T T
· - · - - - -A C A T A A T T C A T A T T A C T A T T T T T T T T
·
- - - - ·A C A T A A T T C A T A T T A C T A T T T T T T T T T T
· - - -1 A C A T A A T T C A T A T T A C T A T A T A T T T
· · · - · - -A C A T A A T T C A T A T T A C T A T T T T T T T
· - · - - - -3 A C A T A A T T C A T A T T A C T A T A T T T T T T T T
- · - ·A C A T A A T T C A T A T T A C T A T T T A - - · - - · - - - -5 A C A T A A T T C A T A T T A C T A A A T T T A T
· - - · - - ·A C A T A A T T C A T A T T A C T A T A T A T T T T
·
- - · - -7 A C A T A A T T C A T A T T A C T A T A A T T T T T A T
· - ·
-
8 A C A T A A T T C A T A T T A C T A T A T T A T T T T
- · · - ·9 A C A T A A T T C A T A T T A C T A T A T T A T T T T
- - · - ·0 A C A T A A T T C A T A T T A C T A T A T T W T T T T - -
· - ·1 A C A T A A T T C A T A T T A C T A T A T T A T T T T
· - - - -2 A C A T A A T T C A T A T T A C T A T A T T A T T T T
· - - - ·3 A C A T A A T T C A T A T T A C T A T A T T T T A
- - - - - ·
-
4 A C A T A A T T C A T A T T A C T A T A T T T T A
· · · · · - ·5 A C A T A A T T C A T A T T A C T A T A T T T T A
· - - - · - -6 A C A T A A T T C A T A T T A C T A T A T T T T A
- - - - · - ·7 A C A T A A T T C A T A T T A C T A T A T T T T T T
- · - - · ·8 A C A T A A T T C A T A T T A C T A T A T T T T T T - · · · - ·9 A C A T A A T T C A T A T T A C T A T A T T T T T T
·
-
· - ·
-
0 A C A T C C T T C C T A T T A T A T T C T A A
- · - - - · · · ·1 A C A T C C T T C C T A T T A T A T T T C T A A
- · · - - - · -2 A C A T A A T T C A T A T T A C T T T T A · - - - - · · · · · ·3 A C A T A A T T C A T A T T A C T T T A
- - · · - - · · - · - -4 A C A T A A T T C A T A T T A C T T T A
· · - - · · · · - · · ·5 A C A T A A T T C G C A T T A C T T T .
- · - - · · - · · - · ·6 A C A T A A T T C G C A T T A C T T T -
· · · · · - ·
- - - - -7 A C A T A A T T C A C A T T A C T T A T T T A
- · · ·
- - · ·
-8 A C A T A A T T C A T A T T A C T T T T
· · · · · - · · - · ·
-9 A C A T A A T T C A T A T T A C T T T T - · · · · - · · - - · ·0 A C A T A A T T C A T A T T A C T T T T - · - - · - - - - · · ·1 A C A T A A T T C A T A T T A C T T T T
· - - - · - - - · - · ·2 A C A T A A T T C A T A T T A C T T T T
- · · · - · · · - - - -3 A C A T A A T T C A T A T T A C T A T A T T T T T C
- · - · · -4 A C A T A A T T C A T A T T A C T A T A T T T T T C
· - - - - ·5 A C A T C C T T C C T A T T A T A T T T T T A - · · · · · · · -
1
2
3
4
5
6
7
8
9
10
1
12
1
14
1
16
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
i3
HELIX 2
88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114
1 A G T T T T G A T A A T A T G A A A T T T T A C T T T
2
· · - · · -
T A G T A T A T G A A A T T T T A C T T T
3
· · · · ·
- T G G T A T A T G A A A T T T T A C T T T
4
· · - · - -
T A G T A T A T G A A A T T T T A C T T T
5
· - - · · ·
T A G T A T A T G A A A T T T T A C T T T
6 - -
·
- · ·
T A G T A T A T G A A A T T T T A C T T T
7
· - - · - ·
T A G T A T A T G A A A T T T T A C T T T
8 - · - · - - T A G T A T A T G A A A T T T T A C T T T
9 - -
·
- · -
T A G T A T A T G A A A T T T T A C T T T
10 - -
·
- -
·
T A G T A T A T G A A A T T T T A C T T T
11 - -
· ·
-
·
T A G T A T A T G A A A T T T T A C T T T
12
· · - ·
-
·
T A G T A T A T G A A A T T T T A C T T T
13
· · - · · ·
T A G T A T A T G A A A T T T T A C T T T
14
· · · · · -
T A G T A T A T G A A A C T T T A C T T T
15 - -
·
- · ·
T A G T A T A T G A A A T T T T A C T T T
16 -
· - - - ·
T A G T A T A T G A A A T T T T A C T T T
17 - · · · · - T A G T A T A T G A A A T T T T A C T T T
18 - -
·
- -
·
T A G T A T A T G A A A T T T T A C T T T
19
· · - · · ·
T A G T A T A T G A A A T T T T A C T T T
20
· · - · · -
T A G T A T A T G A A A T T T T A C T T T
21
· - · ·
- - T A G T A T A T G A A A T T T T A C T T T
22 - -
· · - ·
T A G T A T A T G A A A T T T T A C T T T
23
- · ·
- -
·
T A G T A T A T G A A A T T T T A C T T T
24
· - - · · ·
T A G T A T A T G A A A T T T T A C T T T
25 -
· ·
- · ·
T A G T A T A T G A A A T T T T A C T T T
26
· · · · · ·
T A G T A T A T G A A A T T T T A C T T T
27 - - - · · · T A G T A T A T G A A A T T T T A C T T T
28 - - - - - · T A G T A T A T G A A A T T T T A C T T T
29 - -
· · · ·
T A G T A T A T G A A A T T T T A C T T T
30 - -
·
- · -
A T A T A T A G G A A A T T T T A C T T T
31 - -
·
- -
·
A T A T A T A G G A A A C T T T A C T T T
32
·
- - - - ·
T A G T A T A T G A A A T T T T A C T T T
33 - · - · · · T A G T A T A T G A A A T T T T A C T T T
34 - -
· · ·
- T A G T A T A T G A A A T T T T A C T T T
35 - -
·
- · ·
A T G T A T G C G A A A T T T T A C T T T
36
·
- - ·
-
·
A T G T A T G C G A A A C T T T A C T T T
37 - · - · - · A A G T A T G T G A A A C T T T A C T T T
38
· · - · · ·
T A G T A T A T G A A A C T T T A C T T T
39
· · - · · ·
T A G T A T A T G A A A C T T T A C T T T
40 - · - - · · T A G T A T A T G A A A C T T T A C T T T
41
· · - · · -
T A G T A T A T G A A A C T T T A C T T T
42 - - - · · - T A G T A T A T G A A A C T T T A C T T T
43
· · - · · -
T A G T A T A T G A A A C T T T A C T T T
44
- -
·
- - - T A G T A T A T G A A A C T T T A C T T T
45
· · - · · ·
A T A T A T A G G A A A T T T T A C T T T
Appendix 4: CCS Aligned Secondary
Structures of Helix 1
410(5)#1
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10 410(11) #1,3,10
140(11) #4 I c. hominis I 140(17) #5,7
410(15) #3 C. paNum (bovine) 410(15) #1,4
3' End 5' End 3' End 5' End 3' End 5' End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U A U A U A
A A A
U U U
A U A U G U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A A U
U A U A U A
U A U A U A
A U A U A U
U A U A U A
A U A U A U
A U A U A U
G U G U U U
U U U U U U
A G A G A
Note: Balded characters are included in the aligment, italicized characters are
masked out. Dashes represent gaps added into the alignment. Internal bulges
are represented by characters bumped out to the right and left. Hairpin end
loops are also shown.
75
140(17) #4
140(17) #3,8,10 410(17) #3
410(17) #4,5,6 140(14) #6
410(15) #5,9 410(5) #4,5 C. parvum (pig)
3' End 5'End 3' End 5' End 3' End 5' End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U A U A U A
A A A
U U U
A U A U A U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
U U U
U A U A U A
U G U A U A
U A A U A U
U A U A U A
A U A U A U
U A A U A U
A U U U U U
G U U U U
A U A A
A U
A G
c. parvum (ferret) I C. parvum (kangaroo) I C. parvum (dog)
3' End 5' End 3' End 5' End 3' End 5'End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U A U A U A
A A A
U U U
A U A U A U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U U
U A U U U A
U A U A U A
A U G U A U
U A U A U A
A U G C A U
A U G U C U
U U A U A U
U U A U A
A G U U
ii
c. feUs C. meleagridis C. wrairi
3' End 5' End 3' End 5'End 3' End 5' End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U A U A
A A A
C U U
G C A U A U
A U A U A U
A U U A U A
U A A U A U
G U U A U A
U A A U A U
A U U A U A
U U U
U A U A U A
A U U A U A
U A A U A U
U A U A U A
A U A U A U
U A A U A U
A U U U A U
A U U G A U
A U A G
U U
U U
U U
is
140(9)
140(11) #8 1140(11) #1,3,6,10 C. baileyi
3' End S'End 3' End S'End 3' End S'End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
C U C U C A
C U C
A U A U A U
G C A U A U
U G U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
U U C
G U U A U A
U A U A U A
A U A U A U
U A U A U A
G C G C G C
G U G U G C
C A C A C A
"7Q
SH3, SH5, SH6 NMD3 #1,2,3,12 140(26)
3' End 5' End 3' End 5' End 3' End 5' End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U U U U U U
U U G
A U A U G C
A U A U A U
U A U A U U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
U C U
U A U A U A
U A U A U A
A U A U A U
U A U A U U
A U G C A U
G C G U C A
C A C A G U
U G
C C
G U
U U
so
Sl
Appendix 5: RNAFold Aligned Secondary
Structures of Helix 1
410(5)#1
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10 410(11) #1,3,10
140(11) #4 I c. hominis I 140(17) #5,7
410(15) #3 C. parvum (bovine) 410(15) #1,4
3'End
A
C
A
A
U
U
A
U
5' End
U
G
U
U
A
A
U
A
3' End
A
C
A
A
U
U
A
U
5' End
U
G
U
U
A
A
U
A
3' End
A
C
A
A
U
U
A
U
5' End
U
G
U
U
A
A
U
A
A A A
U U U
A U A U G U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
U A U A U
U A U A U A
A A U A
A U A U A U
U A U A U A
A U A U A U
A U A U A U
G U G U U U
U U U U U U
A G A G A
Note: Balded characters are included in the aligment, italicized characters are
masked out. Dashes represent gaps added into the alignment. Internal bulges
are represented by characters bumped out to the right and left. Hairpin end
loops are also shown.
140(17) #4
140(17) #3,8,10 410(17) #3
410(17) #4,5,6 140(14) #6
410(15) #5,9 410(5) #4,5 C. parvum (pig)
3' End 5' End 3' End 5'End 3' End 5' End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U A U A U A
A A A
U U U
A U A U A U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
U U U
U A U A U A
U G U A U A
U A A U A U
U A U A U A
A U A U A U
U A A U A U
A U U U U U
G U U U U
A U A A
A U
C. parvum (ferret) I I C. parvum (kangaroo) I C. parvum (dog)
3' End 5' End 3'End 5'End 3' End 5' End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U A U A U A
A A A
U U U
A U A U A U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U U
U A U U U A
U A U A U A
A U G U A U
U A U A U A
A U G C A U
A U G U C U
U U A U A U
U U A U A
A G U U
C. meleagridis C. wrairi C. felis
3' End 5' End 3'End 5'End 3' End 5'End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U A U A A
A A C
U U G C
A U A U A U
A U A U A U
U A U A U A
A U A U G U
U A U A U A
A U A U A U
U A U A U A
U U U
U A U A A U
U A U A U A
A U A U U A
U A U A A U
A U A U U A
A U A U A U
U U A U A U
U G A U A U
A G U U
U U
140(9)
140(11) #8 C. serpentis 140(26)
3' End 5' End 3' End 5' End 3' End S'End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A C G U A
U A U U A
A U A U A U
C U U A U
C A U U G
A U A U G C
G C U A U
U G U U
A U U U U
U A A A U A
A U U U A U
U A U A U A
G U U A A U
U A U U A
U A U A U A
A U A U U U
U A A U U
G C U A A U
G U G U U A
C A G U A U
A A C G
G C
U U
C U
c. andersoni C. muris NMD3 #1,2,3,12
3' End 5' End 3' End 5' End 3' End 5'End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
C G C G U A
U U U A
U A U A A U
A U A U U U
U A U A U
U A U A A U
U U A U
U C U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
U A U A C
A U A U U A
U A U A U A
U A U A U
A U U U A
A U A U G C
U A U A G U
G C G C C A
G C G U
A A A A
SH3, SH5, SH6 1140(11) #1,3,6,10 C. bailey;
3' End 5' End 3'End 5' End 3' End 5' End
A U A U A U
C G C G C G
A U A U A U
A U A U A U
U A U A U A
U A U A U A
A U A U A U
U U C U C A
U U C
A U A U A U
A U A U A U
U A U A U A
A U A U A U
U A U A U A
A U A U A U
U A U A U A
U U C
U A U A U A
U A U A U A
A U A U A U
U A U A U A
A U G C G C
G C G U G C
C A C A C A
Appendix 6: CCS Aligned NJ Phylogenetic Tree
Fecal Samples
Watel Samples
GenBank5equences
r---------------- C felis AFl12'57'5
C p;;rvum (kangaroo) AF112570
C parvum (ferret) AF112'572
67 410m
410(15)#3
Lab Control (bovine) •
C parvum (bovine) AF093493
C. homims AF093489 •
140(14)#8.11.12
410(11)#5
140(11)#4
410(5)#1 •
NMD3#10
410(5)#4.5
9-1 140(17)#3.8.10
410(17)#4~,6
410(15)#5,"
C II'rairi Ul1440
C meleagndls AF112'574
C parvum (pig) AF11'5377
Cervlne Genotype AY030088
140(17)#5.7
41001 )#1.3.1 0
410(15)#1,4
Skunk Isolate AY120903
~ 40(17)#4
140(14)#6
410(17)#3
l-..__ C parvum (dog) AF112'576
New Guinea Boa Isolate AY120913
.-- 9;:.:9:....r- 140(11 )#8
140(9)
,--_-:;8"46 Canada Goose Isolate AY504514
140(11 )#1,3,6,1 0
l ~1!0~0--.r;;-== C serpentls AF093499C andersoni ABOS92&'5
C m:ms AB0S9284
61
93
100 140(26)
L- ~~ Boa Or1oni Isolate AY268584
- 0.005 substitutiongsilt
Appendix 7: CCS Aligned Parsimony Phylogenetic Tree
FeC31 SMlples
Wsler Samples
GenBank Sequences•
•
•
59
410(5)#4,5
C .,.,am U11440
9 140(17)#3,8.10
410(17)#42,6
410(15)#5.:J
Skunk I~olale A Y120903
H 140(14)#6
410(17)#3
140(17:)#4
C NlVum (doo) AFl12576'-----i_..:....:~~~~~1~O~O140(26)
Boa Ortoni I~olate AY268584
99 New GUinea Boa I~olale AY120913
,......---------''-'+140(9)
140(11)#8
.-_--:8:.:c'i. Canada Goose I~olale .~Y504514
140(11)#1.3.6.10
L- C v.lle"l L'90L~3
NMD3#1.2.3,12
Deer I~olale AY12091 0
88 SH3
SH5
L ..J1!O!O S_,H_6_-r-u=C $e,·pl.'ntls AF093499
C .~:;ersor1l AB039285
C m:....'s tlMS9234
,....- C felJs AF1l2575
,......--- C p~lVum (k~ng~roo) AFl12570
C palVum (ferret) AFl12572
C palVum (bovme) AF093493
62 410(7)
410(15)#3
Lab Control (bovine)
C hommls AF093489
140(14)#8.11,12
410(11 )#5
NMD3#10
140(11)#4
410(5)#1
C. meleaoncllS A'=112574
C palVum (pig) AFl1537 7
Cervlne Genotype AY030088
82 140(17)#5,7
410(11)#1,3,10
410(15)#1,4
_ 1 ch~nge
00
Appendix 8: RNAFold Aligned NJ Phylogenetic Tree
Fecel SMlPles
Water SMlpIes
OenBank Seq;ences•
•
•
66
78
r------- C f~ils AFl12~7~
C p;;lVlJm (!l;;ng;;lOO) AFll::~70
C pOlVum (f~ll~/) AF? 1::~7::
140(7)
410(15)#3
Lab ContrOl fbow,e)
C p;;lVum (bovllIe) AF093493
C homllils AF093489
140(141#8,11,12
410(1 n#5
140(11)#4
NMD3#10
410(5)#1
410(5)#4,5
C mei~;;Olldls AF11::~74
C ~7;;1lI U11440
C p;;lVum (pIg) AF' '~377
57 Cervlne Genotype AY030038
140(171#5.7
93 410(11)#1,310
410(151#1.4
140(17)#3.8,10
92 410(17)#4,5,6
410(15)#5,9
S~unk Isolate AY1 ~0903
140(17)#4
S6 140[141#6
410(17)#3
SH3
SH5
SHS
51
SI
99 C .,"d~lSl)", A503~~::8~
r- .:.::IOc::O__~r------ C mUllS A5039:34
C s~rp~n:)s AF093499
tlew G~a 80a I:olxe AY1 ~913
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Appendix 9: RNAFold Aligned Parsimony Phylogenetic Tree
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...------ C fel!s AF1l2~7~
C p.rvum (A.ng.roo) AFl '2~70
C Nrvum (ferret) AF1l2~72
C p.rvum (tK!vlrJe) AF093493
140(7)
&4 410(15)#3
Lob Control fbovlfle)
C 'JomlnJs AF093489
140(14)#8.11.12
410(11)#5
NMD3#10
140(11)#4
410(5)#1
410(5)#4.5
C mele.r:ndis AFl l:~74
C p.rvum (pJ~) AFl '~377
Cervlf)e Genotype A '>'030083
140(17)#5.7
410(11 )#1.3.10
410(15)#1.4
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I Appendix 10: CCS Aligned Pairwise Distance Matrix I
C. fefis C. parvum C. parvum C. hominis C. parvum 140(14) 410(11) 410(7) NMD3 #10 140(11) #4 Lab Control 410(15) #3
I (kanoaroo) (ferret) (bovine) #811 12 #5
0.08495
0.08490 0.01875
0.07905 0.01875 0.00532
0.08198 0.01604 0.00265 0.00265
0.07905 0.01875 0.00532 0.00000 0.00265
0.08196 0.02148 0.00800 0.00265 0.00532 0.00265
0.08490 0.01875 0.00532 0.00532 0.00265 0.00532 0.00800
0.07905 0.01875 0.00532 0.00000 0.00265 0.00000 0.00265 0.00532
0.07905 0.01875 0.00532 0.00000 0.00265 0.00000 0.00265 0.00532 0.00000
0.08492 0.01875 0.00532 0.00532 0.00265 0.00532 0.00800 0.00532 0.00532 0.00532
0.08490 0.01875 0.00532 0.00532 0.00265 0.00532 0.00800 0.00000 0.00532 0.00532 0.00532
0.08204 0.02147 0.00798 0.00265 0.00531 0.00265 0.00531 0.00798 0.00265 0.00265 0.00798 0.00798
0.08783 0.02695 0.02695 0.02695 0.02420 0.02695 0.02971 0.02695 0.02695 0.02695 0.02695 0.02695
0.07907 0.01605 0.00798 0.00798 0.00531 0.00798 0.01067 0.00798 0.00798 0.00798 0.00798 0.00798
0.08490 0.01605 0.00798 0.00798 0.00531 0.00798 0.01067 0.00798 0.00798 0.00798 0.00798 0.00798
0.07606 0.02422 0.01607 0.01066 0.01336 0.01066 0.01336 0.01607 0.01066 0.01066 0.01607 0.01607
0.08193 0.01604 0.01604 0.01604 0.01335 0.01604 0.01875 0.01604 0.01604 0.01604 0.01604 0.01604
0.08193 0.01604 0.01604 0.01604 0.01335 0.01604 0.01875 0.01604 0.01604 0.01604 0.01604 0.01604
0.07905 0.01605 0.00798 0.00265 0.00531 0.00265 0.00531 0.00798 0.00265 0.00265 0.00798 0.00798
0.08193 0.01604 0.01604 0.01604 0.01335 0.01604 0.01875 0.01604 0.01604 0.01604 0.01604 0.01604
0.08486 0.01875 0.01875 0.01875 0.01604 0.01875 0.02148 0.01875 0.01875 0.01875 0.01875 0.01875
0.07316 0.02153 0.02422 0.01875 0.02148 0.01875 0.02148 0.02422 0.01875 0.01875 0.02422 0.02422
0.07316 0.02153 0.02422 0.01875 0.02148 0.01875 0.02148 0.02422 0.01875 0.01875 0.02422 0.02422
0.07319 0.02157 0.02426 0.01879 0.02152 0.01879 0.02152 0.02426 0.01879 0.01879 0.02426 0.02426
0.07316 0.02153 0.02422 0.01875 0.02148 0.01875 0.02148 0.02422 0.01875 0.01875 0.02422 0.02422
0.07597 0.01875 0.01335 0.01335 0.01066 0.01335 0.01605 0.01335 0.01335 0.01335 0.01335 0.01335
0.07597 0.01875 0.01335 0.01335 0.01066 0.01335 0.01605 0.01335 0.01335 0.01335 0.01335 0.01335
0.07597 0.01875 0.01335 0.01335 0.01066 0.01335 0.01605 0.01335 0.01335 0.01335 0.01335 0.01335
, 0.10291 0.04412 0.05262 0.05270 0.04976 0.05270 0.05558 0.05262 0.05270 0.05270 0.05262 0.05262
0.10291 0.04412 0.05262 0.05270 0.04976 0.05270 0.05558 0.05262 0.05270 0.05270 0.05262 0.05262
0.10906 0.04992 0.05849 0.05857 0.05559 0.05857 0.06148 0.05849 0.05857 0.05857 0.05849 0.05849
0.10623 0.05237 0.04665 0.04952 0.04667 0.04952 0.05239 0.04952 0.04952 0.04952 0.04952 0.04952
0.11222 0.05556 0.04980 0.05276 0.04981 0.05276 0.05564 0.05268 0.05276 0.05276 0.05268 0.05268
0.08783 0.04410 0.04128 0.04136 0.03847 0.04136 0.04418 0.04128 0.04136 0.04136 0.04128 0.04128
0.09409 0.04377 0.04099 0.04099 0.03818 0.04099 0.04381 0.04099 0.04099 0.04099 0.04099 0.04099
0.09409 0.04377 0.04099 0.04099 0.03818 0.04099 0.04381 0.04099 0.04099 0.04099 0.04099 0.04099
0.10010 0.04664 0.04668 0.04667 0.04383 0.04667 0.04953 0.04668 0.04667 0.04667 0.04667 0.04668
0.10010 0.04664 0.04668 0.04667 0.04383 0.04667 0.04953 0.04668 0.04667 0.04667 0.04667 0.04668
0.10010 0.04664 0.04668 0.04667 0.04383 0.04667 0.04953 0.04668 0.04667 0.04667 0.04667 0.04668
0.07915 0.04659 0.04663 0.04663 0.04380 0.04663 0.04948 0.04663 0.04663 0.04663 0.04663 0.04663
0.07915 0.04659 0.04663 0.04663 0.04380 0.04663 0.04948 0.04663 0.04663 0.04663 0.04663 0.04663
0.12239 0.12528 0.11292 0.11611 0.11298 0.11611 0.11922 0.11607 0.11611 0.11611 0.11606 0.11607
0.13515 0.11861 0.11286 0.11607 0.11292 0.11607 0.11916 0.11600 0.11607 0.11607 0.11604 0.11600
0.14431 0.12495 0.11561 0.11882 0.11565 0.11882 0.12196 0.11877 0.11882 0.11882 0.11877 0.1-1877
C. parvum (ka nga roo)
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410(5) #1
C. parvum (dog) AF112576
C. -meleagridis AFl12574
C. wrairi U11440
C. parvum (pig) AF115377
Skunk Isolate AY120903
140(14) #6
410 (5) #4,5
410(17) #3
140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410(17) #4,5,6
410(15) #5,9
New Guinea 80a Isolate AY120913
140(9)
140(11) #8
Canada Goose Isolate AY504514
140(11) #1,3,6,10
C. baileyi L19068
NMD3 #1,2,3,12
Deer Isolate AY120910
5H3
5H5
5H6
140(26)
Boa Ortoni Isolate AY268584
C. serpentis AF093499
C. andersoni AB089285
C. muris AB089284
\0
w
*-
'0
-l'o-
C. parvum (kangaroo)
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410[5) #1
C. parvum (dog) AF112576
C. meleagridis AF112574
C. wrairi U11440
C. parvum (pig) AF115377
Skunk Isolate AY120903
140(14) #6
410 (5) #4,5
410(17) #3
140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410(17) #4,5,6
410(15) #5,9
New Guinea Boa Isolate AY120913
140(9)
140(11) #8
Canada Goose Isolate AY504514
140(11) #1,3,6,10
C. baileyi L19068
NMD3 #1,2,3,12
Deer Isolate AY120910
SH3
SH5
SH6
140(26)
Boa Ortoni Isolate AY268584
C. serpenus AF093499
C. andersoni AB089285
C. murisAB089284
410(5) #1 C. parvum C. C. wrairi C. parvum Skunk 140(14) #6 410 (5) #4,5 410(17) #3 140(17) #4 Cervine 410(11) 140(17)
(dog) meleaQridis (pio) Isolate Genotvpe #1310 #57
0.02694
0.01066 0.01875
0.01066 0.02422 0.00532
0.01335 0.02695 0.00798 0.00798
0.01875 0.01877 0.01335 0.01335 0.02148
0.01875 . 0.01877 0.01335 0.01335 0.02148 0.00000
0.00531 0.02422 0.00532 0.00532 0.00798 0.01335 0.01335
0.01875 0.01877 0.01335 0.01335 0.02148 0.00000 0.00000 0.01335
0.02147 0.02150 0.01605 0.01605 0.02422 0.00265 0.00265 0.01605 0.00265
0.02147 0.02971 0.01605 0.01605 0.00798 0.02422 0.02422 0.01605 0.02422 0.02697
0.02147 0.02971 0.01605 0.01605 0.00798 0.02422 0.02422 0.01605 0.02422 0.02697 0.00000
0.02151 0.02975 0.01609 0.01607 0.00800 0.02426 0.02426 0.01609 0.02426 0.02701 0.00000 0.00000
0.02147 0.02971 0.01605 0.01605 0.00798 0.02422 0.02422 0.01605 0.02422 0.02697 0.00000 0.00000 0.00000
0.01604 0.02969 0.01066 0.01066 0.01877 0.01875 0.01875 0.01066 0.01875 0.02147 0.02695 0.02695 0.02699
0.01604 0.02969 0.01066 0.01066 0.01877 0.01875 0.01875 0.01066 0.01875 0.02147 0.02695 0.02695 0.02699
0.01604 0.02969 0.01066 0.01066 0.01877 0.01875 0.01875 0.01066 0.01875 0.02147 0.02695 0.02695 0.02699
0.05554 0.05562 0.04410 0.04692 0.04982 0.04982 0.04982 0.04988 0.04982 0.05268 0.05268 0.05268 0.05271
0.05554 0.05562 0.04410 0.04692 0.04982 0.04982 0.04982 0.04988 0.04982 0.05268 0.05268 0.05268 0.05271
0.06143 0.06150 0.04989 0.05274 0.05566 0.05566 0.05566 0.05573 0.05566 0.05855 0.05855 0.05855 0.05858
0.05234 0.05519 0.04103 0.04384 0.04665 0.04388 0.04388 0.04670 0.04388 0.04674 0.04950 0.04950 0.04953
0.05560 0.05274 0.04416 0.04698 0.04988 0.04711 0.04711 0.04993 0.04711 0.04998 0.05274 0.05274 0.05276
0.04416 0.03860 0.03571 0.03849 0.04136 0.03307 0.03307 0.04140 0.03307 0.03588 0.04418 0.04418 0.04420
0.04378 0.03817 0.03539 0.03817 0.04097 0.03268 0.03268 0.04101 0.03268 0.03549 0.04379 0.04379 0.04384
0.04378 0.03817 0.03539 0.03817 0.04097 0.03268 0.03268 0.04101 0.03268 0.03549 0.04379 0.04379 0.04384
0.04948 0.04101 0.03821 0.04101 0.04381 0.03551 0.03551 0.04386 0.03551 0.03834 0.04665 0.04665 0.04672
0.04948 0.04101 0.03821 0.04101 0.04381 0.03551 0.03551 0.04386 0.03551 0.03834 0.04665 0.04665 0.04672
0.04948 0.04101 0.03821 0.04101 0.04381 0.03551 0.03551 0.04386 0.03551 0.03834 0.04665 0.04665 0.04672
0.04658 0.02706 0.03818 0.03816 0.03539 0.03539 0.03539 0.04381 0.03539 0.03819 0.03258 0.03258 0.03258
0.04658 0.02706 0.03818 0.03816 0.03539 0.03539 0.03539 0.04381 0.03539 0.03819 0.03258 0.03258 0.03258
0.11923 0.12853 0.10970 0.11273 0.11592 0.11595 0.11595 0.11593 0.11595 0.11906 0.12217 0.12217 0.12223
0.11915 0.12538 0.10976 0.11277 0.11600 0.11285 0.11285 0.11597 0.11285 0.11594 0.12227 0.12227 0.12233
0.12193 0.12501 0.11246 0.11554 0.11872 0.11883 0.11883 0.11875 0.11883 0.12198 0.12504 0.12504 0.12510
\0
Vl
C. parvum (kangaroo)
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410(5) #1
C. parvum (dog) AFl12576
C. meleagridis AF112574
C. wrairi U11440
C. parvum (pig) AF115377
Skunk Isolate AY120903
140(14) #6
410(5) #4,5
410(17) #3
140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410(17) #4,5,6
410(15) #5,9
New GU'lnea Boa Isolate AY12091
140(9)
140(11) #8
Canada Goose Isolate AY504514
140(11) #1,3,6,10
C. baileyi L19068
NMD3 #1,2,3,12
Deer Isolate AY120910
SH3
SH5
SH6
140(26)
Boa Ortoni Isolate AY268584
C.serpenos AF093499
C. andersoni AB0892\l5
C. muris AB089284
410(15) 140(17) 410(17) 410(15) New Guinea 140(9) 140(11) #8 Goose 140(11) C. bailey; NMD3 Deer SH3 SH5
#14 #3810 #456 #59 Boa Isolate #13610 #12312 Isolate
0.02695
0.02695 0.00000
0.02695 0.00000 0.00000
3 0.05268 0.05546 0.05546 0.05546
0.05268 0.05546 0.05546 0.05546 0.00000
0.05855 0.06135 0.06135 0.06135 0.00533 0.00533
0.04950 0.05234 0.05234 0.05234 0.04700 0.04700 0.05284
0.05274 0.05552 0.05552 0.05552 0.04955 0.04955 0.05534 0.00274
0.04418 0.04693 0.04693 0.04693 0.04377 0.04377 0.04948 0.02463 0.02431
0.04379 0.04661 0.04661 0.04661 0.04430 0.04430 0.05012 0.03267 0.03014 0.02466
0.04379 0.04661 0.04661 0.04661 0.04430 0.04430 0.05012 0.03267 0.03014 0.02466 0.00000
0.04665 0.04948 0.04948 0.04948 0.04713 0.04713 0.05298 0.03548 0.03290 0.03314 0.00802 0.00802
0.04665 0.04948 0.04948 0.04948 0.04713 0.04713 0.05298 0.03548 0.03290 0.03314- 0.00802 0.00802 0.00000
0.04665 0.04-948 0.04948 0.04948 0.04713 0.04713 0.05298 0.03548 0.03290 0.03314 0.00802 0.00802 0.00000 0.00000
0.03258 0.04944 0.04944 0.04944 0.06143 0.06143 0.06737 0.06675 0.06438 0.04999 0.04948 0.04948 0.05236 0.05236
0.03258 0.04944 0.04944 0.04944 0.06143 0.06143 0.06737 0.06675 0.06438 0.04999 0.04948 0.04948 0.05236 0.05236
0.12217 0.11899 0;11899 0.11899 0.10369 0.10369 0.10361 0.09104 0.09154 0.10080 0.10632 0.10632 0.11269 0.11269
0.12227 0.11902 0.11902 0.11902 0.09737 0.09737 0.09736 0.09442 0.09477 0.10395 0.10677 0.10677 0.11318 0.11318
0.12504 0.12178 0.12178 0.12178 0.09725 0.09725 0.09723 0.09734 0.09140 0.09713 0.10631 0.10631 0.11282 0.11282
)\0
'"
C. parvum (kangaroo)
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
. 410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410(5) #1
C. parvum (dog) AF112576
C. meleagridis AF112574
C. wrairi U11440
C. parvum (pig) AF115377
Skunk Isolate AY120903
140(14) #6
410 (5) #4,5
410(17) #3
140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410(17) #4,5,6
410(15) #5,9
New Guinea Boa Isolate AY120913
140(9)
140(11) #8
Canada Goose Isolate AY504514
140(11) #1,3,6,10
C. baileyi L19068
NMD3 #1,2,3,12
Deer Isolate AY120910
SH3
SH5
SH6
140(26)
Boa Ortoni Isolate AY268584
C. serpentis AF093499
C. andersoni AB089285
C. muris AB089284
SH6 140(26) Boa Ortoni C. C.
Isolate serpentis andersoni
0.05236
0.05236 0.00000
0.11269 0.13476 0.13476
0.11318 0.13530 0.13530 0.02167
0.11282 0.13161 0.13161 0.02711 0.01065
')
I Appendix 11: RNAFold Aligned Pairwise Distance Matrix I
1.0
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C. parvum (kangaroo) AF112570
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410(5) #1
C. parvum (dog) AF112576
C. meleagridis AF112574
C. wrairi U11440
C. parvum (pig) AF115377
Skunk Isolate AY120903
140(14) #6
410 (5) #4,5
410(17) #3
140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410(17) #4,5,6
410(15) #5,9
C. andersoni AB089285
C. muris AB089284
New Guinea Boa Isolate AY120913
140(9)
140(11) #8
Canada Goose Isolate AY504514
140(11) #1,3,6,10
C. baileyi L19068
NMD3 #1,2,3,12
Deer Isolate AY120910
SH3
SH5
SH6
140(26)
Boa Ortoni Isolate AY268584
C. serpentis AF093499
c. relis c. parvum C. parvum C. hominis C. parvum 140(14) 410(11) 410(7) NMD3 #10 140(11) #4 Lab Control 410(15) #3 410(5) #1
I (kanoaroo) (ferret) (bovine) #81112 #5
0.05806
0.06386 0.01875
0.05816 0.01875 0.00532
0.06101 0.01604 0.00265 0.00265
0.05816 0.01875 0.00532 0.00000 0.00265
0.06099 0.02148 0.00800 0.00265 0.00532 0.00265
0.06386 0.01875 0.00532 0.00532 0.00265 0.00532 0.00800
0.05816 0.01875 0.00532 0.00000 0.00265 0.00000 0.00265 0.00532
0.05816 0.01875 0.00532 0.00000 0.00265 0.00000 0.00265 0.00532 0.00000
0.06388 0.01875 0.00532 0.00532 0.00265 0.00532 0.00800 0.00532 0.00532 0.00532
0.06386 0.01875 0.00532 0.00532 0.00265 0.00532 0.00800 0.00000 0.00532 0.00532 0.00532
0.06105 0.02147 0.00798 0.00265 0.00531 0.00265 0.00531 0.00798 0.00265 0.00265 0.00798 0.00798
0.06666 0.02698 0.02698 0.02700 0.02424 0.02700 0.02976 0.02698 0.02700 0.02700 0.02700 0.02698 0.02701
0.05812 0.01607 0.00798 0.00800 0.00532 0.00800 0.01069 0.00798 0.00800 0.00800 0.00800 0.00798 0.01069
0.06379 0.01607 0.00798 0.00800 0.00532 0.00800 0.01069 0.00798 0.00800 0.00800 0.00800 0.00798 0.01069
0.06098 0.02426 0.01609 0.01067 0.01338 0.01067 0.01336 0.01609 0.01067 0.01067 0.01611 0.01609 0.01337
0.06094 0.01610 0.01610 0.01613 0.01342 0.01613 0.01883 0.01610 0.01613 0.01613 . 0.01613 0.01610 0.01885
0.06094 0.01610 0.01610 0.01613 0.01342 0.01613 0.01883 0.01610 0.01613 0.01613 0.01613 0.01610 0.01885
0.05809 0.01609 0.00800 0.00266 0.00534 0.00266 0.00532 0.00800 0.00266 0.00266 0.00803 0.00800 0.00534
0.06094 0.01610 0.01610 0.01613 0.01342 0.01613 0.01883 0.01610 0.01613 0.01613 0.01613 0.01610 0.01885
0.06379 0.01881 0.01881 0.01883 0.01610 0.01883 0.02155 0.01881 0.01883 0.01883 0.01883 0.01881 0.02156
0.06381 0.02154 0.02426 0.01879 0.02153 0.01879 0.02151 0.02426 0.01879 0.01879 0.02428 0.02426 0.02152
0.06381 0.02154 0.02426 0.01879 0.02153 0.01879 0.02151 0.02426 0.01879 0.01879 0.02428 0.02426 0.02152
0.06386 0.02158 0.02430 0.01883 0.02157 0.01883 0.02155 0.02430 0.01883 0.01883 0.02432 0.02430 0.02156
0.06381 0.02154 0.02426 0.01879 0.02153 0.01879 0.02151 0.02426 0.01879 0.01879 0.02428 0.02426 0.02152
0.05800 0.01881 0.01337 0.01339 0.01069 0.01339 0.01609 0.01337 0.01339 0.01339 0.01339 0.01337 0.01611
0.05800 0.01881 0.01337 0.01339 0.01069 0.01339 0.01609 0.01337 0.01339 0.01339 0.01339 0.01337 0.01611
0.05800 0.01881 0.01337 0.01339 0.01069 0.01339 0.01609 0.01337 0.01339 0.01339 0.01339 0.01337 0.01611
0.14809 0.14441 0.13840 0.14167 0.13848 0.14167 0.14488 0.14167 0.14167 0.14167 0.14173 0.14167 0.14488
0.15728 0.15414 0.14762 0.15092 0.14768 0.15092 0.15420 0.15094 0.15092 0.15092 0.15096 0.15094 0.15419
0.10538 0.09005 0.09595 0.09593 0.09294 0.09593 0.09896 0.09595 0.09593 0.09593 0.09591 0.09595 0.09900
0.10538 0.09005 0.09595 0.09593 0.09294 0.09593 0.09896 0.09595 0.09593 0.09593 0.09591 0.09595 0.09900
0.11154 0.09600 0.10197 0.10195 0.09892 0.10195 0.10502 0.10197 0.10195 0.10195 0.10193 0.10197 0.10504
0.12072 0.10220 0.09303 0.09602 0.09303 0.09602 0.09905 0.09604 0.09602 0.09602 0.09600 0.09604 0.09909
0.12403 0.10828 0.09903 0.10206 0.09903 0.10206 0.10513 0.10208 0.10206 0.10206 0.10204 0.10208 0.10515
0.09939 0.09024 0.08714 0.08711 0.08417 0.08711 0.09010 0.08714 0.08711 0.08711 0.08709 0.08714 0.09015
0.10835 0.09019 0.08709 0.08707 0.08412 0.08707 0.09005 0.08709 0.08707 0.08707 0.08705 0.08709 0.09011
0.10835 0.09019 0.08709 0.08707 0.08412 0.08707 0.09005 0.08709 0.08707 0.08707 0.08705 0.08709 0.09011
0.10836 0.09619 0.09308 0.09306 0.09008 0.09306 0.09608 0.09308 0.09306 0.09306 0.09304 0.09308 0.09612
0.10836 0.09619 0.09308 0.09306 0.09008 0.09306 0.09608 0.09308 0.09306 0.09306 0.09304 0.09308 0.09612
0.10836 0.09619 0.09308 0.09306 0.09008 0.09306 0.09608 0.09308 0.09306 0.09306 0.09304 0.09308 0.09612
0.08186 0.07893 0.07616 0.07620 0.07326 0.07620 0.07912 0.07616 0.07620 0.07620 0.07620 0.07616 0.07621
0.08186 0.07893 0.07616 0.07620 0.07326 0.07620 0.07912 0.07616 0.07620 0.07620 0.07620 0.07616 0.07621
0.13732 0.11563 0.10614 0.10925 0.10620 0.10925 0.11242 0.10934 0.10925 0.10925 0.10925 0.10934 0.11237
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C. parvum (kangaroo) AF112570
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410(5) #1
C. parvum (dog) AF112576
C. mefeagridis AF112574
C. wrairi U11440
C. parvum (pig) AFl15377
Skunk Isolate AY120903
140(14) #6
410 (5) #4,5
410(17) #3
140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410(17) #4,5,6
410(15) #5,9
C. anderson; AB089285
C. muris AB089284
New Guinea Boa Isolate AY120913
140(9)
140(11) #8
Canada Goose Isolate AY504514
140(11) #1,3,6,10
C. baifeyi L19068
NMD3 #1,2,3,12
Deer Isolate AY120910
SH3
SH5
SH6
140(26)
Boa Drtoni Isolate AY268584
C. serpentis AF093499
C. parium C. C. wrairi C. parvum Skunk 140(14) #6 410 (5) #4,5 410(17} #3 140(17) #4 Cervine 410(11) 140(17) 410(15)
(doo) mefeaaridis (piq) Isolate Genotvoe #1310 #57 #14
0.01875
0.02422 0.00532
0.02695 0.00798 0.00798
0.01877 0.01335 0.01335 0.02148
0.01877 0.01335 0.01335 0.02148 0.00000
0.02422 0.00532 0.00532 0.00798 0.01335 0.01335
0.01877 0.01335 0.01335 0.02148 0.00000 0.00000 0.01335
0.02150 0.01605 0.01605 0.02422 0.00265 0.00265 0.01605 0.00265
0.02971 0.01605 0.01605 0.00798 0.02422 0.02422 0.01605 0.02422 0.02697
0.02971 0.01605 0.01605 0.00798 0.02422 0.02422 0.01605 0.02422 0.02697 0.00000
0.02975 0.01609 0.01607 0.00800 0.02426 0.02426 0.01609 0.02426 0.02701 0.00000 0.00000
0.02971 0.01605 0.01605 0.00798 0.02422 0.02422 0.01605 0.02422 0.02697 0.00000 0.00000 0.00000
0.02969 0.01066 0.01066 0.01877 0.01875 0.01875 0.01066 0.01875 0.02147 0.02695 0.02695 0.02699 0.02695
0.02969 0.01066 0.01066 0.01877 0.01875 0.01875 0.01066 0.01875 0.02147 0.02695 0.02695 0.02699 0.02695
0.02969 0.01066 0.01066 0.01877 0.01875 0.01875 0.01066 0.01875 0.02147 0.02695 0.02695 0.02699 0.02695
0.14481 0.12890 0.13200 0.13205 0.13200 0.13200 0.13524 0.13200 0.12879 0.13484 0.13484 0.13489 0.13484
0.15407 0.14116 0.14432 0.14438 0.14761 0.14761 0.14761 0.14761 0.14434 0.14720 0.14720 0.14724 0.14720
0.10178 0.08979 0.09277 0.09575 0.09577 0.09577 0.09575 0.09577 0.09878 0.09278 0.09278 0.09278 0.09278
0.10178 0.08979 0.09277 0.09575 0.09577 0.09577 0.09575 0.09577 0.09878 0.09278 0.09278 0.09278 0.09278
0.10783 0.09573 0.09874 0.10174 0.10176 0.10176 0.10176 0.10176 0.10481 0.09874 0.09874 0.09874 0.09874
0.11137 0.09622 0.09922 0.10226 0.09918 0.09918 0.10222 0.09918 0.10220 0.10528 0.10528 0.10531 0.10528
0.11138 0.10223 0.10526 0.10833 0.10524 0.10524 0.10831 0.10524 0.10830 0.11139 0.11139 0.11141 0.11139
0.09018 0.08728 0.09023 0.09325 0.08418 0.08418 0.09319 0.08418 0.08714 0.09622 0.09622 0.09625 0.09622
0.09019 0.08729 0.09024 0.09326 0.08419 0.08419 0.09321 0.08419 0.08715 0.09623 0.09623 0.09628 0.09623
0.09019 0.08729 0.09024 0.09326 0.08419 0.08419 0.09321 0.08419 0.08715 0.09623 0.09623 0.09628 0.09623
0.09618 0.09325 0.09623 0.09927 0.09017 0.09017 0.09923 0.09017 0.09316 0.10228 0;10228 0.10235 0.10228
0.09618 0.09325 0.09623 0.09927 0.09017 0.09017 0.09923 0.09017 0.09316 0.10228 0.10228 0.10235 0.10228
0.09618 0.09325 0.09623 0.09927 0.09017 0.09017 0.09923 0.09017 0.09316 0.10228 0.10228 0.10235 0.10228
0.06163 0.07332 0.07324 0.07628 0.07029 0.07029 0.07916 0.07029 0.07318 0.07918 0.07918 0.07921 0.07918
0.06163 0.07332 0.07324 0.07628 0.07029 0.07029 0.07916 0.07029 0.07318 0.07918 0.07918 0.07921 0.07918
0.11850 0.10002 0.10308 0.10310 . 0.10618 0.10618 0.10618 0.10618 0.10307 0.10577 0.10577 0.10581 0.10577
~
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C. parvum (kangaroo) AF112570
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410[5) #1
C. parvum (dog) AF112576
C. meleagridis AF112574
C. wrairi U11440
C. parvum (pig) AF115377
Skunk Isolate AY120903
140(14) #6
410 (5) #4,5
410(17) #3
140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410[17) #4,5,6
410(15) #5,9
C. andersoni AB089285
C. muris AB089284
New Guinea Boa Isolate AY120913
140(9)
140(11) #8
Canada Goose Isolate AY504514
140[11) #1,3,6,10
C. baileyi L19068
NMD3 #1,2,3,12
Deer Isolate AY120910
SH3
SH5
SH6
140(26)
Boa Orton I Isolate AY268584
C.serpenas AF093499
...
140(17) 410(17) 410(15) C. C. muris New Guinea 140(9) 140(11) Canada Goose 140(11) C. NMD3 Deer
#3810 #456 #59 andersoni Boa Isolate #8 Isolate #1 3 6 10 baiievi #1 2312 Isolate
0.00000
0.00000 0.00000
0.13807 0.13807 0.13807
0.14390 0.14390 0.14390 0.01071
0.08678 0.08678 0.08678 0.11217 0.11214
0.08678 0.08678 0.08678 0.11217 0.11214 0.00000
0.09272 0.09272 0.09272 0.11221 0.11214 0.00531 0.00531
0.09314 0.09314 0.09314 0.11263 0.10924 0.04661 0.04661 0.05240
0.09915 0.09915 0.09915 0.11573 0.10602 0.04659 0.04659 0.05238 0.00531
0.08422 0.08422 0.08422 0.12193 0.11522 ' 0.04088 0.04088 0.04659 0.02971 0.02418
0.08423 0.08423 0.08423 0.12536 0.11853 0.04393 0.04393 0.04971 0.03249 0.03249 0.02976
0.08423 0.08423 0.08423 0.12536 0.11853 0.04393 0.04393 0.04971 0.03249 0.03249 0.02976 0.00000
0.09019 0.09019 0.09019 0.12540 0.11855 0.05263 0.05263 0.05851 0.04094 0.04094- 0.04388 0.01337 0.01337
0.09019 0.09019 0.09019 0.12540 0.11855 0.05263 0.05263 0.05851 0.04094 0.04094 0.04388 0.01337 0.01337
0.09019 0.09019 0.09019 0.12540 0.11855 0.05263 0.05263 0.05851 0.04094 0.04094 0.04388 0.01337 0.01337
0.07910 0.07910 0.07910 0.12549 0.13144 0.07015 0.07015 0.07617 0.08173 0.07897 0.06711 0.06404 0.06404
0.07910 0.07910 0.07910 0.12549 0.13144 0.07015 0.07015 0.07617 0.08173 0.07897 0.06711 0.06404 0.06404
0.10924 0.10924 0.10924 0.04703 0.05257 0.10546 0.10546 0.10553 0.09645 0.10258 0.10880 0.11183 0.11183
C. parvum (ka nga roo) AF112570
C. parvum (ferret) AF112572
C. hominis AF093489
C. parvum (bovine) AF093493
140(14) #8,11,12
410(11) #5
410(7)
NMD3 #10
140(11) #4
Lab Control
410(15) #3
410(5) #1
C. parvum (dog) AF112576
C. meleagridis AF112574
C. wrairi U11440
C. parvum (pig) AF115377
Skunk'Isolate AY120903
140(14) #6
410 (5) #4,5
o 410(17) #3
o 140(17) #4
Cervine Genotype AY030088
410(11) #1,3,10
140(17) #5,7
410(15) #1,4
140(17) #3,8,10
410(17) #4,5,6
410(15) #5,9
C. andersoni AB089285
C..muris AB089284
New Guinea Boa Isolate AY120913
140(9)
140(11) #8
Canada Goose Isolate AY504514
140(11) #1.3,6,10
C. bai/eyi 1.:19068
NMD3 #1,2,3,12
Deer Isolate AY120910
SH3
SH5
SH6
140(26)
Boa Ortoni Isolate AY268584
C. serpentis AF093499
SH3 SH5 SH6 140(26) Boa Ortoni
Isoiate
0.00000
0.00000 0.00000
0.06112 0.06112 0.06112
0.06112 0.06112 0.06112 0.00000
0.11819 0.11819 0.11819 0.13398 0.13398
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